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FOREWORD

The 5th Annual Conference on Atmospheric Contamination in Confined Spaces was
held in Dayton, Ohio on 16, 17, and 18 September 1969. Sponsor was the Aerospace
Medical Research Laboratory, Aerospace Medical Division, Air Force Systems
CommandA. Arrangements were made by the Toxic Hazards Research Unit of SysteMed
Corporation under the terms of Contract F33615-70-C-1046. The Toxic Hazards
Research Unit is located at the Toxic Hazards Division, Wright-Patterson Air Force
Base, Ohio and the papers presented at this Conference by persoanel of SysteMed
Corporation represent research conducted under the cited contract. Dr. Anthony A.
Thomas, Director, Toxic Hazards Division, ser-ed as ConferencL Chairman. Mr.
Edmond Vernot served as Conference Coordinator for SysteMed Corporadon, and
Mrs. Mildred Pinkerton for the Air Force.
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WELCOMING REMARKS

Clyde H. Kratochvll, Colonel, USAF, MC

Commander
Aerospace Medical Research Laboratory

Thank you, Dr. Thomas, and welcome. It was also my privilege to welcome you
last year. At that time, though, I had only been assigned to this organization for one
month, so I didn't really know too well what I was welcoming you to. This year I dc
krnow, and I wovld like to say that I am very proud to be associated with Dr. Anthony
Thomas' group Lecause they are a hard-working, productive group. I want to publicly
recognize Senior Master Sergeant John Naylor who has just received the Air Force
Commendation Medal for hie outstanding work in superintending the construction of
the new Toxic Hazards facility which you will visit.

I am pleased and proud that the ',tr Force has such a group as the Toxic Hazards
Division, because this says that we in the Air Force do care about the prcblem of
atmospheric contamination and pollution. We could very easily neglect our role in
adding to the burden of pollutants by placing our military role in very narrow perspec •
tive. However, we do care and this is attested to by the very considerable resources
that we expend in investigating the ",mrious prublems caused by our exotic missile
fuels, etc. To phrase it quite candidly, we 'put our money where our mouth is', and
in these days of austerity this is saying quite a bic.

Lastly, I would leave you with just a philosophical reminder: At this Conference
you will be discussing confined spaces and the contamination of those spaces. Those
of us who feel we are responsible citizens, -esponsible scientisrR, are convinced, as
I am sure you are, that when we are talking about confined spaces we are also talking
about the Planet Earth and the biosphere which we occupy. Unless we - you, I, and
the reet of the scientific community - attack this problem and attack it vigorously,
we are going to destroy the ecological niche which we and most other living things
occupy. This cannot be stressed too strongly.

With this I will cease preaching and introduce to you my personal friend of long
standing and currently my chief, the Commander of the Aerospace Medical Division,
Major General Charles ',adman.

4I
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INTRODUCTORY REMARKS

Charles H. Roadman, Major General, USAF, MC

Commander
Aerospace Medical Division

Dr. Thomas, Colonel Kratochvil, ladies and gentlemen: I have been asked to make
the keynote comments to this symposium.

I noticed a recent article in the Federal Times dealing with problems of overpop-
ulation. In this article it predicted that at the present rate of growth the world popula-
tion will increase from 3.6 billion in 1970 to 7. 5 billion by zhe year 2000. This is a
staggering figure and is a maj or problem as we all know.

This is more than double our present world population in the next 30 years. At
the present rate of contamination and pollution of our atmosphere, those of us who
are still around 30 years from now may be spending all of our time looking for some
clean air to breathe, or probably we'll have a very difficult time in getting a controlled
sample of pure air to compare.

After our astronauts landed on the moon someone made the statement that they
didn't think the moon would be able to support life. Well, it's getting more and more
difficult here on earth, as we know. Perhaps this is a very simrle way to outline our
concerns at this symposium.

Seriously, we all know this is a major problem. You are all aware of it. I'a sure
that I don't have to convince this group of the seriousness of the situation, and certainly
the federal government, state governments, and many of our mutiicipalitieg are spend-
ing a considerable amount of time aatacking this problem. Because of this, meetings of
this type take on an added significance and certainly the work that will be discussed
during this meeting will contribute to the solution or will, at least, point up some of
the increasing dangers of our present rate of air pollution.

I certainly hope that this symposium can contribute to actions which are urgently
needed in this great country of ours. I hope that while you're here you will take ad-
vantage of the opportunity to visit our recently expanded Toxic Hazards facility at the
Aerospace M 'dical Research Laboratory, I had the occasion to go through this facility
a few weeks ago for the first time after its completion, and I was very very pleasantly
surprised and pleased with this new laboratory. We are very proud of this expanded
tacility and of the new capability that it gives us.

3
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The toxic hazards research accomplished at the Aerospace Medical Research
Laboratory over the years, like other areas of research within the Aerospace Medical
Division, played a significant role in this nation's ability to land man on the moon. In
the area of toxicology there were over 200 non-metallic space cabin materials screened
for composition and toxicity of off-gassing products. Tolerance limits were established
for ethylene glycol vapor in a space cabin atmosphere as well as tolerance limits to
carbon monoxide. Studies were conducted on the toxicity of pulmonary irritants and
systemic toxicants in ambient air and in space cabin atmospheres.

The laboratory conducted extensive studies on the mechanism of oxygen toxicity
at reduced pressures and ccmpared ultrastructural changes in the lung, liver, and
kidney under 5 psi oxygen and the same pressure of mixed gas atmosphere.

With the completion of additional facilities in the Toxic Hazards Division, they will
be capable of performing toxicology research beyond the closed environment area and
into the study of human performan&e during chemical stress in high altitude or at sea
level. We feel that this is a very important adjunct to this research. The human per-
formance aspect is one which receives more and more emphasis in modern toxicology
as a most sensible end point in seeking tolerance levels in the absence of overt chemi-
cal symptoms or pathological change.

The design of these new altitude facilities has inherent advantages for the execution
of human exposure studies which cannot be found in any other existing inhalation chamber
complex. The concept of performing physiological and performance measurements
during exposure thus can be carried out in an optimum fashion which makes this facility
highly attractive to any agency engaged in research of public health or environmental
pollution problems.

We will now be capable of a much higher degree of sophistication in carrying out
toxicological research into related ultrastructural, biochemical and pathological studies
than has ever been previously possible. Common sense tells us that the facilites of the
Toxic Hazards Division of the Aerospace Medical Research Laboratory, like many
other facilities within the Aerospace Medical Division, will be a national resource.
It is a resource with a tremendous capability to examine long term, continuous expo-
sures to toxic materials in any environment such as aircraft cabin, missile launch
complex, ground shelter, and perhaps even the problems encountered in substandard
dwellings.

In looking over the program for this fifth annual ccnference I see a list of names
that I recognize, and it appears that you have a full three days ahead of you. A con-
ference of this type always also provides an opportunity to renew old acquaintances
and to discuss mutual problems with your counterparts in othei organizations.

Now I would like to just make a few remarks in closing. I had the opportunity re-
ceatly to attend a Laboratory Directors' Fund meeting in Washington chaired by Mr.
Hansen, who is Assistant Secretary of the Air Force for Research and Development.
There were two signiticant things that came out during this meeting which I think are

4
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important to this group and give us a few indicators of the future. The first concerns
a definition of the type of work. I think that we are all aware of Congressional interest
and scrutiny of research and development. It is becoming increasingly important to
detine and describe proposed research in understandable terms. The use of simple
descriptors and avoidance of technical jargon is imperative today. The fund managers
at high levels must be assured of the mission relevance of proposed research.

Another point arose from this conference, and it was quite pointed, and many of
you are aware of this. The Defense Department is coming under ever-increasing
scrutiny and ever-increasing criticism in certain areas. I'm not here to defend or
debate or support the particular issue, sometimes referred to as the military-industrial
complex, but the Defense Department is being forced to scrutinize closely its research.
Specifically, Air Force research and development must be clearly defined as having
a complete and defensible Air Force need. In addition, the need to reexamine our types
of research was emphasized. When there is commonality in research, for example,
with NIH or some other Federally supported research agency, the other organization
and/or agency should support it rather than the Air Force.

These last remarks should be of particular concern to you in this room. Is air
pollution a singular responsibility of the Air Force? This question will be asked and
must be answered.

In addition to this we are faced with ever-increasing manpower reductions. We
find that we no longer can take manpower cuts across the board in our research lab-
oratories, and we're having to look at the priority of entire programs rather than try
to hold the line with a minimum number of people. We feel that it's better to eliminate
the program rather than to continue in a mediocre fashion.

There is a need to look at joint utilization of government laboratories by the uni-
"versities of this country. This effort is already under study by direction of the Presi-
dent. This is a matter of national concern.

In suimmary, we must now learn to manage laboratories with greatly reduced re-
sources and markedly changed mission requirements.

5
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SESSION I

TOXICOLOGICAL EVALUATION OF ATMOSPHERES
AND CONTAMINANTS

Chairman

Dr. Harold C. Hodge
Department of Pharmacology
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PAPER NO. I

METHODS OF HUMAN PERFORMANCE MEASUREMENT

IN TOXIC ENVIRONMENTS

Robert D. O'Donnell, Captain, USAF

Aerospace Medical Research Laboratory
Wright-Patterson Air Force Base, Ohio

The question of performance measurement in toxic environments is certainly not
new; yet never has there been such widespread interest in this area. This surge of
interest can be traced back to two sources. First, the logically more important task
of establishing a methodology for determining clinically "safe" dosage levels has been
developed to such a degree that we now have a certain amount of confidence in the
methods of pathological investigation. Along with this, we are seeing increased accuracy
and completeness of epidemiological records.

The second development lending itself to increased concern with performance deals
with the nature of the tasks we are requiring the human operator to perform in modern
systems. For better or worse, we are requiring humans to operate at near peak
potential in a variety of performance modalities for long periods of time. In today's
high performance aircraft and space systems, as well as in our high speed and ultra-
responsive a'itomobiles, even a momentary lapse in efficiency can lead to ultimate
disaster. Taken together, these factors have tended to change the basic question
which is being asked in toxicological research. We now ask not only "does this agent
damage the individual?" but also "does this agent affect the individual at all?"

In view of the urgency of this question, it is somewhat disappointing to review
the literature specifically relating low-level toxicity to what may broadly be called
"ýperformance". Even the relatively few studies that can be found revez-?. little homo-
geneity among the kinds of performance tasks used. More importantly, tU.•re is little
attempt to relate the studies to any theoretical framework, let alone any real-world
systems requirement. Tasks appear and disappear from study to study with confusing
regularity. The experimental design and data treatment frequently show almost naive
simplicity. Control groups are inappropriate or, worse, not used at all. No attempt
is made to use double-blind techniques where they are appropriate and clearly feasible.
Statistical and design controls which would bolster validity (such as independent replica-
tions, trend analyses, and powerful factorial models) are not even considered. The
design itself is often weak and does not give adequate attention to extraneous variables
such as fatigue, order effects, subject preselection, or interacti(..n of the toxic agent
with other atressors inherent in the testing situation. In addition, one sometimes
encounters a study from which broad, sweeping generalizations have been made and

9
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which, on inspection, shows statistical treatment which is so naive and inappropriate
as to make the entire result invalid.

There are probably many reasons for this lack of an overall approach to perfor-
mance measuremrient. In the specific case of toxic environments, the psychologists
and human engineers who would be responsible for such methodological considerations
have not had enough control over the experiment because of the medical aspects which
had to be given precedence. More generally, the biame must be attributed to the fact
that the psychologists and human engineers have failed to give an adequate test to sev-
eral generalized methodologies which are available. This paper will summarize one
of these methodologies, and diicuss one of the more general questions surrounding the
choice of a particular way to measure performance. The approach to be discussed is
not presented as being the only, or even the best, answer. It does, however, provide
a clear illustration of how the complex question of performance measurement can be
broken down into manageable elements, while still retaining application tQ ie real
world.

One of the most powerful techniques available for evaluating the effectiveness of
performance tests is that of factor analysis. Although the details of this approach are
beyond the scope of this discussion, it is possible to understand the basic logic of factor
analysis in the following way. Suppose several tests are given to a number of individuals
and all the possible correlations between these tests are dezermined. As illustrated
schematically in figure I(A), if two of these tests show no correlation at all, i. e.,
there is no relationship between an individual's scores on the two tests, we can be
reasonably certain that each test measures a different skill. By a more complex but
similar reasoning (figure LB) if several tests correlate highly it can be established
that they measure the same or related skills. Thus, if many tests are given to many
subjects, it is possible to arrive at the position illustrated in figure 1C where a small
number of "test clusters" have been developed. Each cluster consists of several tests
which measure the same skill to various degrees, and each cluster measures a different,
skill than every other cluster. Within each cluster of tests, it is frequently easy to
identify the underlying skill which ii being tapped. For instance, we may discover that
every test in a cluster has an element of reaction time in it. In this case, we would

have reduced a number of apparently disjoined performance tests to one specifically
defined skill - simple reaction time. Extremely sophisticated mathematical treatments
are necessary to determine these factors, and the system is not without ita weak points.
But the fact remains that it is a systematic and exhaustive attempt to define empirically
the nebulous term 'performance", and that it forces the experimenter to define clearly
what he is testing.

10
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Figure 1. SCHEMATIC REPRESENTATION OF FACTOR ANATYSIS

Using just such techniques, Fleishman and his associates have administered over
200 tests to thousands of subjects and have broken down psychomotor performance into
a number of discrete skills or "factors" (Fleishman, 1954; Fleishman, 1956; Fleishman,
1957; Fleishman, 1960; Fleishman & Hempel, 1954; Fleishman & Hempel, 1954;
Fleishman & Hempel, 1956). These factors include control precision (involving highly
controlled large muscle adjustments), multiple-limb coordination, response orientation
(involving rapid directional discrimination and orientation of movement patterns),
simple reaction time, speed of arm movement, rate control (making continuous antici -
patory motor adjustments relative to changes in speed and direction of a moving target),
manual dexterity, finger dexterity, arm-hand steadiness, wrist-finger speed, aiming,
strength, flexibility of muscle groups, and balance.

The most important point is that for each of these identified factors we have at our
* disposal a series of empirically defined tests. We know what each test measures in

terms of the kinds of test performance which are correlated with it, and we know how
well it measures those performances. The experimenter is thus given a freedom to
choose the test that best suits his experimental environment, and his results will still
bc interpretable to other investigators who have chosen different tests.

r11
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The relationship between these factor-analyzed performance tests and more com-
plex real world performances such as flying have been the subject of extensive study.
In many cases, the relationship is so obvious that we can identify It immediately.
For instance, Fleishman'a factor of multiple-limb coordination is obviously one of the
skills involved in accelerating a standard shift car. In other cases the relationship is
not so obvious. Then we must again conduct studies to determine correlations between
the real world skills and the factors. These may be predictive studies, such as when
we predict on the basis of high scores in a set of factors that certain people will do
well on a real task, or they may be retrospective studies where we test a number of
real skills and see which tactors correlate with each skill. In either case, we have
taken the total complex task, whether it is assembly of small components on a produc-
tion line or piloting a space craft, and we have broken it down into a small number of
independently tested skills which are essential to good performance on that task.

Given this repertoire of available tests, how does the investigator make the final
determination of which skills he will test and what particular measures he will use to
test them? Obviously, there will be environmental and monetary limitations on what
and how much he can do. Subjects may be partially restrained during exposure. Cer-
tain types of apparatus or data reduction capability may not be available. In these
cases, it is sometimes necessary to choose tests which may not be the best or factorlally
"purest" measures of a particular skill. However, even in these situations, we still
know how good the test is, and by adjusting the experimental design - say by increasing
the number of subjects tested or using an additional measure - we can comoensate for
the initial lack of precision.

The chc.ce of which skill to test is generally dependent on the type of output infor-
mation desired from the experiment. In general, there are two types of questions we
are asked in toxicological research. In the first type, we wish to determine the effects
of a particular agent on a given real-world skill. This would be the case if we wished
to know the effect of marihuana on automobile driving. In this case, the experimenter
would first analyze the task involved and determine which skills are essential to that
task. Again, this is sometimes a rather straightforward procedure. However, in some
cases, especially in the absence of previous factor-analytic research on that task, this
would require making some hypotheses. But even in this difficult situation, the rationale
behind the hypotheses would have to be clearly defined, and the tests used could readily
be interpreted by the field as a whole.

In the more general, more frequent case, we are asked simply if there is any effect
at all due to a given agent. Fortunately, in most cases, something is already known
about the physiological effects of the agent, and often animal studies have already de-
fined approximately the types of skill that are degraded by large doses. Using this type
of information, it is possible for the experimenter to describe in general terms the
limits of performance skills which could be affected by low levels of the agent. In car-
bon monoxide exposure, for instance, there is ample evidence that higher nervous pro-
cesses deteriorate first. In this case, we could "bound" the entire range of expected
effects by testing primarily cognitive functions and those psychomotor skills which re-
quire a great deal of cortical integration. Such cognitive skills have also been sub-
jected to factor analysis, and therefore form a complete spectrum, of skilis ranging
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from the most cortically dependent down to those which involve only gross muscular
movement or strength. In our laboratory, using carbon monoxide and werking under
a time const-aint, we chose one highly cognitive task - time estimation, one complex
psychomotor task - tracking, and one rather complex, sub',ortically mediated tack -
dynamic equilibrium. In addition, we further tested for lower order effects by monitor-
ing galvanic skin response, heart rate, and respirz.*.n. In this way, we werv in a
better position to make conclusions not only about the specific tests we usad, but also
to propose hypotheses about the entire range of performances covered by our tests.

Given the above rationale for a more molecular approach to perfornmance tsat su
it might now be appropriate to consider a possible objection. Why go to all t he trrol,,
of factor analysis, or any of the other more molecular approaches, when the east.,,
thing to do would be to create a simulation of the real world task? If we ares lIot, v,
in piloting an airplane, why not use a simulator, or even better, take ,mr s•m ti, '.I
in a plane? Although this would not be easy in view of the dangers Involved, thete i-
a certain magic about such "face validity" and vast amounts of money erv spent III
making sure that a test 'looks like" what it is supposed to measure.

Unfortunately, long experience has taught that the validity of such studies often
endls at its "face". Basically, the problem appears to involve tde fact that when a conn-
plex task is taken in toto into the laboratory setting = is made part of an experiment,
the elements of thii-tais o longer interact the way they do in the real world, It has
been possible to achieve fairly high predictive validity with such work sample tests
only when the real-world task was not very complex or when we were willing to invest
a great deal of time on a very specific task with little generalizability. As soon as the
task becomes complex, as most real tasks are, we find in most cases that the task
variables are interacting so strongly with uncontrolled factors in the testing situation
that our measurements are meaningless. The lesson from all this is that when we try
to duplicate a real-world performance, we run a great risk that the task we end up
with will be a different breed of animal from the one we started out to measure.

With a more molecular, independent skill approach, we have constrained the
subjects' behavior in such a way as tz-' obxain a "purer" measure of each skill without
losing our ability to interpret interactions among skills. The experimenter has thus
gained a great Jeal of control over the variability shown by subjects. In research in-
volving very low levels of toxic substances, where the effects which can be expected
are not extremely large even when they occur, this can be a crucial st3tistical deter-
minant In evaluating the significance of results. In this regard, certair extremely
sophisticated developments in the area of psychomotor tracking performance have
recently been made by Jex and his associates at Systems Technology Incorporated
(Jex, 1967; Jex, McDonnell, & Photak, 1966). It -%w, appears that with proper mathe-
matical analysis and modeling, it is possible to coost rain not onl the operator skill
which is being tested, but even his method of attacking a gi;-,2n problem. Full realiza-
tion of this potential will enable us to specify nor onl% that a given agenr has affected
a particular skill, but to isolate where, in the sequence 4f events from stimulus to
response, the decrement appeared.

13
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In summary, it has been proposed here that, when human performance is tested
in toxic environments, detailed consideration should be given to the rationale behind
selection of the tests to be used. Specifically, it is felt that use of the molecular
approach, based on empirical criteria of skill definition, provides the greatest freedom
to the experimenter and retains the greatest interpretability from one study to another.
Several generalized methodologies of this type are available, only one of which has
been presented here. Use of such approaches should do much to alleviate the existing
confusion and contradiction regarding the question of low-level toxicological effects
on human performance.
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DISCUSSION

MAJOR THEODORE (Aerospace Medical Research Laboratory): I'll try to field
Dr. O'Donnell's questions, and I may have to use some consultants here - Dr. Mikulka,
Lt. Heinig, if necessary.

DR. PIERSON (Lockheed-California Company): The author advocates molecular
behavior, molecular testing of molar behavior, and to date this has never worked
simply because the sum is equa! to more than the sum of the parts. The total behavior
is not a collection of small parts, and I couldn't refuse commenting about factor analysis.
Please, people, when you use factor analysis, there are three things to keep in mind.
Number one is that when you're all done you have a series of four to five factors which
have to be identified and can be identified only by intuition. The purpose of statistics
is to eliminate intuition. Secondly, that, in facto" analysis, linear correlation is
assumed for all variables and this is rarely true for human performance. And thirdly,
that you only get out of a factor analysis what you put into it. If you put garbage in,
you get garbage out. Fleischman, for instance, in all of his studies, has never identi-
fied isometric strength, isotonic strength, or endurance as part of performance,
simply because he never had those kind of tests put in to it to begin with.

MAJOR THEODORE: I may need help from one of my consultants, but let me
answer this in part. I think there's too much research done where people just look
at the general issue and don't try to find out what is going on. For example, you say
a man breathes, by your analogy; therefore, we shouldn't find out about what energy
pathways there are tiAt make him subsist. I think the se.ne thing is lacking in psycholo-
gical studies. There is lack of definition in the discipline in many respects, aiid I
think many amateurs get involved in the area, don't try to find out the basic methods,
pathways, in ordt.• that you can put it all into one operational system. You can't
understand how the total human behaves if you don't understand i:-- individual components.
Therefore, being a non-psychologist, this type of approach is appealing t( .ne. I think
that one can't make generalized statements when you don't understand the components
that are involved in that statement. Just like describing an' system, superficial
observations never work. They give you an immediate answer, but it doesn't reall,
solve the problem until you start to get some understanding. I realize that there are
many shortcomings since systems haven't been developed yet. However, I think that
'his should be the aim of the future. This is exactly what I think Dr. O'Donnell is
trying to say here, that we should try to define exactly what we are doing so that data
frnm different labs are comparable, so that we know exactly what we did. Certainly,
often, the experiments are fraught with great errors and great inconsistencies because
people haven't broken down the components in trying to analyze them, and this is the
only plea I make here. Maybt Dr. Mikulka would like to answer certain aspects of
your question.
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the best technique in a very bad area and try to make it more rigorous, so that as
Dr. Theodore mentioned, all diversive studies that are being done in the area of
contaminants, at least some results come out and you can face the problem, 'Vhy
did he get this when I got that?" It's not a good measure, maybe, but it's the best
we have right now.

MAJOR THEODORE: I think the key here is trying to define exactly what you have
done. I think this is just good research, and I think that when one establishes exactly
what is going on, what mechanisms are involved, then you can be a little bit intelli-
gent about your analogies and yotir approach to the problem. This is just my feeling.

DR. HODGE (University of Rochester). Not being a psychologist, I certainly don't
want to get into this discussion about the whole being greater than the sum of the parts,
but I wonder how many of you happened to read the article of Lord Brains in Science
just a few months ago. The title of the thing was Science and Anti-science. But, in
part, he discussed something that is down underneath here. He pointed out, quoting
Adous Huxley, that literature describes our emotions, our intuitions, how we react,
why we react, in private, in terms of our private experience, which we cannot and
never will reveal; whereas science describes our public reactions and what can be
checked and double-checked and confirmed. Is this part of our problem?

MAJOR THEODORE: I would say yes.
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INTRODUCTION

Carbon monoxide (CO) has become an important byproduct of increasing industrial-
ization. The potential risk of this toxic substance applies not only to the general pop-
ulation, but also to specific subpopulations (i. e., respiratory and cardiovascular
patients, military, etc. ). This risk is considered extremely imporcant in the aerospace
environment where human performance is carried to its extreme limits in high per-
formance aircraft and space systems. Any effect of low levels of CO on performance
must be considered serious insofar as it affects the system operator. Mechanisms of
CO action must be correlated with performance decrements in order to arrive at real-
istic guidelines on atmospheric control for man.

The central nervous system is extremely sensitive to oxygen deprivation and is
considered the primary locus of CO induced effects, since the major mechanism ofI CO action is mediated through tissue hypoxia (Dinman, 1968). It is generally believed
that subjective symptoms rarely occur below carboxyhemoglobin (COHb) levels of 20
percent, while most acute signs of cardiovascular, respiratory, and central nervous
system embarrassment occur at COHb levels greater than 30 percent (Haldane, 1927).
However, a number of investigators have indicated that the central nervous system is
impaired at COHb levels as low as two to five percent. MacFarland, Roughton, Hal-
perin, and Niven (19441 demonstrated impairment of visual discrimination with COHb
levels of four percent. Lilienthal and Fugitt (1946) reported impaired flicker fusion
at an altitude of 6000 feet with COHb levels of five and ten percent. Decrements in
limb coordination have been shown with the same COHb levels at ground level atmos -

pheric pressure (Trouton & Eysenck, 1961). Consistent impairment in cognitive and
psychomotor performance has been noted by Schulte (1963) at five percent COHb, and
some tendencies for disruption as low as two percent COHb. Finally, Beard and Wert-
heim (1967) have shown decreased auditory discriminability of tone lengths with COHb
levels of approximately four to five percent.
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However, not all investigators have shown such effects at low levels of CO-lb.
Clayton, Cook, and Frederick (1960) found no association between COHb level and
automobile accidents. Dorcus and Weigand (1929) found no decrements in cognitive
and psychomotor tasks with COHb levels as high as 25 to 35 percent. Vollmer, King,
Birren, and Fisher (1946) found no changes in flicker fusion, visual perimeter, or
ataxia as a function of COHb levels up to 22 percent. However, their study was run
at simulated 10, 000 and 15, 000 foot altitudes, and the hypoxic contribution of those
altitudes may have masked possible CO effects.

Cigarette smokers are estimated to have a constant COHb level between 3.8 and
6.8 percent. Further, 12 to 14 percent of employed individuals have occupations in
which there is a likelihood of exposure to high levels of CO (Goldsmith and Landaw,
1968). Given these facts, plus the studies which suggest decremental effects under
CO-lb levels that the average smoker carries within his system, one could conclude
that a large proportion of our population is operating at a depressed level of perfor-
mance. It therefore becomes important to determine what effects are present, their
mechanism of action on the organism, and the importance of these effects on specific
performances (i. e., driving an automobile, piloting an aircraft, etc. ).

Obviously these questions cannot be answered until a better understanding and
correlation of the physiologic, biochemical and psychologic processes of the brain are
known. At the present level of sophistication, Dinman (1968) contends that cerebral
function should not be impaired at CO!tb levels of five percent or lower. If this assump-
tion is true, then those data which show decrements with COHb levels of three to five
percent must depend on some complex interaction or summation of elements which
have yet to be defined.

The present study was undertaken to determine the effects of CO on relatively sim-
ple applied performance tasks. Analyses were planned which would reveal whether:
(1) absolute performance levels changed as a function of CO exposure, and if (2) CO
exposure changed the patzer of performance.

METHOD

Subjects:

The subjects (Ss) used in this study were 10 male university students between the
ages of 19 and 22 years. All Ss were examined and medically certified to be in good
health. All Ss were supposed'to be non-smokers. However, after completion of this
study, examination of the blood COHb levels indicated that one S was probably a smoker.
He confirmed this when questioned and his data were excluded from all analyses.
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Environment:

All CO and control exposures were carried out in the Thomas Domes of the
Toxic Hazards Division, Wright-Patterson Air Force Base, Ohio. The domes are a
completely enclosed environmental system into which a given contaminant can be
introduced and maintained at a givea level. Air flow is controlled by a series of
blowers and vacuum pumps, which produce a flow of 40 ft3 /min, yielding a complete
atmospheric change every 20 minutes. Each dome is roughly circular with a 12 foot
diameter. Ss inside the dome can see into the surrounding room, but for the present
study about eight feet of the dome windows were covered in order to eliminate dis -
tracting background movement from the S's field of view. However, it was considered
important that during "rest periods" the 1s could see outside in Grder to preclude sen-
sory restriction effect which could mimic or confound CO effects. Temperature was
controlled between 68 and 74 degrees F, and dome pressure was held at 680 mm Hg
durirg the experimental runs. Entrance to the domes was accomplished through an
airlock, which allowed the Interior environment to be kept stable.

Experimental Measures:

Time Estimation: During each testing interval a series of estimates of a 10-second
"empty" interval were made by each S. The S was asked to estimate 10 seconds, be-
ginning on a signal from the experiminter (ET At the end of this estimated interval
the S tapped an electronic switch and immediately began estimating another 10-second
interval, etc. The E stopped this sequence when the S's last estimate exceeded the
three minute test period. All the S's estimates were automatically recorded.

Critical Instability Tracking Task (CITT): The CITT requires the S to stabilize
a statically unstable controlled element by closing a compensatory loop-around the
system (Jex, 1967). Essentially, the S is required to keep a needle on a display dial
from going off scale by manipulating a control stick. Referring to figure 1 it can be
seen that any output from the integrator will be fed back through the summing amplifier
in such a way as to cause the output of the integrator to increase. If the S. by moving
his control stick, generates input to the summing amplifier which exactly cancels the
input fed back from the integrator, the output (needle on dial face) will remain station-
ary. Any slight error in timing or the amplitude of the response will cause the output
to change. The S's optimal strategy is to keep his control stick displacement exactly
proportional to tfie system output (needle deflection). For the purpose of this experi-
ment the gain control was set to increase linearly over time. In essence, this multi-
plies the output from the summing amplifier returning to the integrator, causing in-
creased input to the needle, which requires the S to make greater and quicker compen-
sations. As the gain increases a point will be reached where the S cannot possibly
respond quickly and accurately enough to "maintain control". This point of control loss
is converted into a difficulty level score, and serves as the basis for evaluation of the
S's tracking ability. The C=1' has been analyzed on theoretical grounds to be sensitive
to a number of stressors including hypoxia, drugs, g-levels, low temperature, and
secondary workloads (Rosenberg and Jex, 1966; Jex, 1967); and on the basis of the
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describing functions involved appears to be most closely related to performances re-
quiring a great deal of perceptual-motor coordination and high requirements for speed
and accuracy.

SUMMING GAIN

AMPLIFER CONTROL INTEGRATOR

CONTROL

FEEDBACK LOOP

Figure 1. DIAGRAMMATIC SCHEME FOR CRITICAL
INSTABILITY TRACKING TASK (CITT).

Pensacola Ataxia Battery: Since one of the effects of relatively severe CO exposure
is the loss of balance and other vestibular symptoms, the Pensacola Ataxia Battery
was used. This battery consists of a number of balancing tasks performed either on
narrow rails or o.- the floor (Greybeil and Fregley, 1965). For the -resent experiment
the following tasks were used:

1. The Sharpened Rhomberg task (SR) in which the S attempts to stand for 60
seconds in a heel-to-toe position with his arms folded and eyes closed.

2. Walk Eyes Open test (WE/O) in which the S attempts to walk a 3/4 inch wide
rail with his arms folded an, eye,, open.

3. Stand Eyes Open test (SE/O) in which the S attempts to stand on the above
rail for 30 seconds with his arms folded and eyes open, and with his feet in
a heel-to-toe position.

4. Stand Eyes Closed teet (SE/C) in which the S attempts to stand for 60 seconds
on a 2-1/4 inch wide rail in a heel-to-toe position, arms Lolded, and eyes
closed.

5. Stand on One Leg Eyes Closed test (SOLEC) in which the S tries to stand on
one leg, eyes closed, and arms folded for 30 seconds. "iuis is done alternately
on both legs resulting in SOLEC-Right and SOLEC-Left.

6. Walk On Line Eyes Closed test (WOLEC) in which the S attempts to walk a
12 foot line with his arms folded and eyes closed in a hieel-to-toe manner.
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Des ign and Testing Procedure:

Each S spent three sessions in the Thomas Domes at 0, 50, and 125 ppm CO.
The order of exposures was counterbalanced to avoid possiblk; sequence effects. With
the removal of the smoker and due to an error on the part of the technician controlling
the exposure contaminant, which resulted in one S beAng run a fourth time, the result-
ing order was: three Ss with a A-B-C presentation -):der (0-50-125 ppm), three S3
with C-A-B, two Ss with B-C-A, and one with B-A-C.

A double-blind procedure was used throughoi: this experinent. At no time did
the Es know what was the atmospheric composition in the dome. Also, all immediately
involved support technicians were included in the doub1 e-blind coverage.

Ss were scheduled at either 8 AM or 1 !IN, depending on their availability. Exposure
time began at the moment the S entered the dome. Headphones were gi en the S through
which he was in continuous toutch with the Es. After a final check of all recording
and communication equipment the E left trh dome through the airlock. The S was then
instructed to relax for a few minutes. The first series of measurements wa• taken
after the S had been in the dome exactl, 15 minutes.

A performance session cor.sisted of five trials ou the CITT, three minutes of
time estimation, and then five more tracking trials. This sequence usually ran from
13 to 16 minutes. After completion of the session the S was instructed to relax for
about 15 minutes until the next testing session.

E~ach dome expesure lasted three hours. The so were tested 15 minutes out of
each half hour, resulting in the following test intervals after dome entrance: 15-30
min, 45-60 min, 75-90 min, 105-120 min, 135-150 min, and 165-180 min. After 90
minutes of exposure the E entered the dome allowing the S to walk around and stretch.
This was done to reducethe possibility of fatigue and boredom from being in a con-
stant position for three hours.

At the completion of each run the S was immediately removed and 10 ml of blood
was taken for hematocrit, hemoglobinand COHb determinations. Then, the S was
taken to an adjoining room and given the Pensacola Ataxia battery. Followingthis the
S was asked to breathe 100 percent oxygen for ten minutes.

Following completion of the main study five Ss were exposed to 200 ppm CO and
three Ss to 250 ppm. The procedures were basically the same with the following ex-
ceptions: (1) the double-blind was no longer in effect since these runs were made for
exploratory purposes, (2) counterbalancing was no longer possible, and (3) the Ss were
specifically told that they would be receiving higher levels of CO. Because of the lack
of counterbalancing and the reduced sample size no analyses were performed on these
jata.
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RESULTS

Carbon Monoxide Exposure Levels:

Carboxyhemoglobin (COHb) determinations were made on the venous blood for each
S after every experimental session. These determinations were done by a modified
gas chromatographic method of Dominguez, Christensen, Goldbaum, and Stembrldge
(1959). The results of the COHb analyses are presented in table L It can be seen
that the COHb levels reflect a direct relationship with the level of ambient CO. These
data are in remarkable agreement with the CO uptake curves based on time, exposure
concentration, and rates of ventilation constructed by Forbes, Sargent, and Roughton
(1945). The exception to this was S #10 who had a COHb level of 3.5 percent in the
0 ppm condition. This S later admltted he was a smoker. His level of 3.5 percent
COHb falls into the range of 2.3-3.8 percent COHb reported for light smokers (Ringold,
Goldsmith, Helwig, Finn, and Schuette, 1962). Hematocrit levels for all So ranged
from 42 to 52%, and hemoglobin levels ranged from 12.8 to 17.6 gims percent with
no significant changes due to CO exposure.

TABLE I

CARBOXYHEMOGLOBIN LEVELS FOR ALL SUBJECTS AT EACH EXO RE
(PERCENT)

SUBJECT U PFM 50 PPM 125 PPM 200 PP 250 PPM

1 0.7 2.8 6.5
2 1.2 2.4 6.6
3 0.8 2.7 6.5 9.8
4 1.0 3.1 7.4 13.1
5 1.0 3.0 6.8
6 1.7- 3.6 6.8 10.1 11.9
7 1.1 3.3 6.4 10.0
8 0.9 3.0 6.6 10.9
9 0.6 2.9 6.2 10.9 12.1

10 3.5 4.5 7.4

MEAN* 0.96 2.9F 6.64 10.35 12.37

* does not include values for S #10
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Subjective Reports:

All So were interviewed informally after each run to determine the incidence of
subjectively perceived symptoms. In the 39 experimental sessions carried out, only
one S reported any symptoms. This occurred in S #4 during exposure to 250 ppm, who
repcirted a "slight" headache which he said did no-interfere with his performance.
Further, none of the So displayed an ability to indicate whether or not CO had been
present during a give7n experimental run.

Critical Instability Tracking:

The mean difficulty level was obtained for each set of ten trials for every test
interval. Therefore, each S had six scores for each exposure level and these were the
basis for the analyses.

Since the uptake of CO within the body is a cumulative process over time, it is
important to compare not only the differences among the conditions at each test inter-
val, but also to evaluate the trends occurring over the three hours of exposure. Grouped
data representing the mean scores for nine So at each test interval are presented in
figure 2. Initially, it can be seen that no triend toward poorer performance appeared
in any cf the conditions. In fact, there was a general tendency for all ccitons to im-
prove over time. Therefore, each condition was tested independently to determine if
performance changes had occurred. These analyses yielded F ratios of 1. 84 (for 0
ppm), 1. 81 (for 50 ppm), and 2. 23 (for 125 ppm), with P=>. 10, >. 10, and <. 10, re-
spectively. Thus, when considered separately no condition showed a clearly reliable
change in tracking performance over time, and the one condition that showed any
change at all indicated that tracking perfermance became slightly better during expo-
sure to 125 ppm. Reference to figure 3 shows that the Ss tracking under 200 ppm anJ
250 ppm did not differ froni their control runs under 0 ppm. In absolute terms, these
findings answer one of the p.-imary concerns of this experiment: No decrement in
tracking performance was found as a result of exposure to CO levels up to 125 ppm,
and quite possibly as high as 250 ppm.
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Figure 2. MEAN SCORES FOR CRITICAL INSTABILITY TRACKING TEST (9 SO)
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Figure 3. CRITICAL INSTABILITY TRACKING TEST (8 Ss)
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In order to determine if there was a relative dliference between scores with and
without CO present, these data were subjected to' repeated-measures-analyses of var-
iance at each test period. The results of these analyses are presented in table 11.
It can be seen from these analyses that there was a significant difference ir performance
levels of these three conditions at the 105-120 minute interval, which decreased by
the 135-150 interval and completely disappeared by the last interval. Newman-Keuls
analyses (Winer, 1962) were performzd on the 105-120 and 135-150 intervals. These
indicated that performance under 0 ppm was better than either of the CO conditions at
the former interval (P=<. 05), while performance under 0 ppm was 3nly marginally
better than the 50 ppm condition, though not different from 125 ppm at the latter inter-
val. At both intervals the two CO levels did not perform significantly different from
each other. These results suggest that CO exposure resulted in a relative performance
change compared to the control condition. However, this effect was transitory reach-
ing a maximum at 105-120 minutes and diminishing as duration of exposure increased.
Further, examination of the performance trends shows that these effects were not due
to any decrement in the absolute level of performance under CO, but the result of a
transitory increase in performance under 0 ppm (see figure 2). Trend analyses were
done on each condition over the six test periods (Winer, 1962). The results are pre-
sented in table III. These analyses indicate that a large proportion of the 0 ppm trend
was composed of linear and quadratic components, at 50 ppm the linear and quartic
components composed the largest proportion of the curve, and at 125 ppm the linear
component accouated for most of the trend with a 3maller cubic component. Examina-
tion of figure 2 shows that there are distinct diffe-ences in the shapes of the curves and
that these arm most notably evident in a strouger tendency for linearity over time in
the 125 ppm condition and in a much larger quadratic or singly-humped performance
over time in the control condition than in any other. Also, average performance at
50 ppm shows a greater tendency to be erratic as evidenced by the large quartic
component.

inspection of the individual performance curves revealed no consistent differences
as a function of CO exposure. In four of the nine S, tracking was generally better under
0 ppm than in the other conditions. In only one S Was tracking under 125 ppm consist-
ently the poorest, while 'our Ss performed worst under 50 ppm.

As CO uptake increased over time, perfcrmance would be expectod to show a
decrement if there were any simple relationship between the two. liowi. -r, in no
S was an overall timc- reloted eecrement seen in any of the CO runs up to and Including

-50 ppm. !n fact, several Ss show a remarkably consistent improvement in tracking
as a furction of tithe.
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TABLE II

ANALYSES OF VARIANCE ON TRACKING SCORES FOR EACH TEST INTERVAL

INT•RVAEL SOURCE df MEAN SQUARE F RATIO

15-30 Between Ss 8 .220
Within Si 18 . 020

CO 2 .06: .03
Residual 16 .023

45-60 Between So 8 .218
Within So 18 .025
CO 2 .011 .41
Residual 16 .027

75-90 Between So 8 .389
Within Ss 18 .017
CO 2 .035 2.35
Residual 16 .015

106-120 Between So 8 .358
Within Ss 18 .018
CO 2 .058 4.53**
Residual 16 .013

135-150 Between So 8 .410
Within So 18 .016
CO 2 .039 2.86*
Residual 16 .014

165-180 Between Ss 8 .412
Within Si 18 .009
CO 2 .006 .66
Residual 16 .009

significant at 70 level

significant at .05 level
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TABLE III

PERCENT OF GIVEN POLYNOMINAL COMPONENT PRESENT IN TREND ANALYSIS

COMPONENT 0 PPM 50 PPM 125 PPM

Linear 37.9 45.0 62.4
Quddratic 31.3 1.0 0.9
Cubic 9.4 0.9 24.7
Quartic 5.8 41.6 11.6

Time Estimation:

Under the procedure for time estimation in this study each S made a series of
estimates during each test interval. The mean of these individual estimates was taken
for each interval and these means constituted the raw data for subsequent analyses.

The mean performance curves for time estimation under the three experimental
conditions are presented in figure 4. It is evident that although there is some separa-
tion between the different condi ions, no overall trend to over- or under-estimation
occurred as a function of CO uptake. There is a slight tendency for all conditions to
increase accuracy over time. A very similar patttrrn can be seen for the Ss exposed
to 200 ppm and 250 ppm (figure 5). Under all conditions time estimation irmains re-
markably consistent.

In order to test for relative differences among the 0 ppm, 50 ppm, and the 125
ppm conditions, separate repeated-measures-analyses of variance were performed.
The results are presented in table IV. ThF: only significant difference occurred at the
135-150 minute interval, where time estimates under 50 ppm were longer than under the
control condition, as determined by the Newman-Keuls test. Inspection of figure 4
reveals that this difference resulted from a decrease in the average estimates in the
0 ppm condition, and ncz f.-om any change (away from the real 10-second interval) by
the Ss while under CO. The difference dealt with here is less than one second, and
it is-difficult to construe this as a significant distortion due to CO exposure, especially
when this effect was not seen in the 125 ppm condition. At no point were the estimates
under 125 ppm different from those under the control condition.
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TABLE IV

ANALYSES OF VARIANCE ON TIME ESTIMATION AT EACH TEST INTERVAL

INTERVAL SOURCE df MEAN SQUARE F RATIO

15-30 Between Ss 8 14.795
Within S9s 18 3. 718
CO - 2 0.500 0.121
Residual 16 4.120

45-60 Between Ss 8 13.109
Within Ss 18 3.678
CO 2 3.090 0.824
Residual 16 3.751

75-90 Between Ss 8 15.806
Within Ss 18 2.678
CO 2 3.605 1.417
Residual 16 2. 562

105-120 Between Ss 8 18. 201
Within Ss 18 2. 230
CO 2 3.455 1.663
Residual 16

135-150 Between Ss 8 21.069
Within Ss 18 1.668
CO 2 4.980 3. 987*
Residual 16 1.249

165-180 Between Ss 8 27.064
Within Ss 18 1. 233
CO 2 4.989 1.468
Residual 16 1.172

* significant at . 05 level.
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Inspection of the individual S estimates similarly revealed no consistent effect
attributable to CO. In five Ss tiie estimates were longer under CO conditions than
under 0 ppm. However, for the other Ss one or both of the CO conditions gave more
accurate estimates than the control coidition. In two cases 125 ppm produced the
longest estimates, while in five Ss the 50 ppm condition produced the longest estimates.

Further support for the lack of any CO effect on time estimation can be assumed
from the performance curves of those Ss that received additional runs at 200 ppm and
250 ppm (figure 5). From these curves it is obvious that (1) there is a general tendency
for estimates to improve over time, irrespective of contaminant level, (2) performance
for the 200 ppm condition closely parallels that for its control run, and (3) under 250
ppm the Ss are more "accurate" in their estimates than under the 0 ppm condition, but
more importantly there is no indication of a differential effect of CO over time.

In summary, it may be concluded that under the conditions of this study, no effect
of CO levels up to 125 ppm and possibly as high as 250 ppm could be discerned on time
estimation. In all conditions the estimated 10-second interval was longer than the real
10-second interval.

Pensacola Ataxia Battery:

The scoring on the Ataxia battery was accomplished using procedures recommended
by Greybeil and Fregley (1965).

The means for each of the tests are shown in table V along with the F ratios from
the repeated-measures-analyses of variance. All the resultant F ratios were non-
significant. Examination of the means for the respective ataxia test shows that there
are no major differences within the means for a given test. In absolute terms, four
tests (SR, SOLEC-L, SOLEC-R, & WOLEC) yielded better performance under the
CO conditions than under 0 ppm. In only one case (SE/O) were the scores under the
CO conditions worse than the control condition.

In view of these results, it is clear that CO exposure had no effect on the kinds of
abilities measured by these tests.
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TABLE V

MEANS AND F RATIOS FOR ALL PENSACOLA ATAXIA TESTS

TEST 0 PPM 50 PPM 125 PPM F RATIO

SR 204.00 221.00 217.00 0.758
WE/O 14.00 14.13 13.75 0.117
SE/O 32.25 29.75 30.88 9.090
SE/C 81.13 80.75 81.13 0.001
SOLEC-L 133.13 138.50 135.13 0.103
SOLEC-R 140.50 150. 00 141.50 1.681
WOLEC 17.13 13.38 10.50 0.963

DISCUSSION

This study attempted to answer the question: does CO affect performance? In
order to explore this question, a range of performance measures were taken: 1) time
estimation of an "empty" 10-second interval, 2) tracking, and 3) ataxia. On an ordered
scale these measures run from the heavily cognitive task of estimating time in which
the S supplies his own counting stimuli, to the tracking task which requires the co-
ordination of visual input with rapid motor responses, to a psychomotor task involving
vestibular and gross motor controls for dynamic equilibrium. The results of this ex-
periment indicated that three hours of exposure to CO levels up through 125 ppm pro-
duced no decremental effect in functioning and no consistently .-eliable pattern changes
from the control conditions. Also, there is an indication that carrying the CO levels
up to 200-250 ppm will produce no observable effect on the present battery of perfor-
mance tasks.

The results of this study conflict with several other studies which have found per-
formance decrements under low levels of CO. Beard and Wertheim (1967) using a tem-
poral auditory discriminability task (perceptual) found major disruptions under 50 ppm
CO. Unfortunately, they were unable to obtain accurate COHb determination, but given
their exposure times it is possible to assume that their Ss did not have COHb levels
above 5 percent. It should be noted that their Ss were confined in a soundproof audio-
meter booth with a total volume of 110 cubic feet. The Ss had no outside visibility and
the tasks did not involve a great deal of kinesthetic, proprioceptive, or visual input to
the Ss. In view of the fact that even moderate degrees of sensory or motor restriction
can cause significant perceptual and motor distortions (Schultz, 1965), it is possible
that any CO effects reported could be accounted for, or at least confounded, by sensory
restriction effects. In contrast, Ss in the present study were confined in a large dome
with an approximate free volume of 600 cubic feet. At all times the Ss could see out-
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side the dome. At the midpoint of each run the Ss were allowed to get up and move
around inside the dome. Additionally, the tasks involved a good deal of visual input
and a significant amount of motor output from the Ss. These procedures were speci-
fically intended to minimize any possible effects oTsensory restriction or boredom,
in order to yield a less contaminated estimate of CO effects. In view of this it may
not be surprising that the present results do not show the perceptual errors seen by
Beard and Wertheim (1967).

Schulte (1963) using a battery of psychomotor-perceptual tasks found performance
disruptions with reported COHb levels comparable to those obtained after three hours
of exposure to 125 ppm CO in the present study. However, there is reason to believe
that Schulte underestimated the levels of COHb in his Ss, since he reports obtaining
mean COHb determinations of 0. 00 percent from Ss who were predominantly smokers,
working in a large metropolitan area as firemen. Recent data indicate that 1. 2 per-
cent COHb is found in the average metropolitan non-smoker (which agrees well with
the 0. 96 determination in our non-smokers under 0 ppm CO), while the range for
smokers in a metropolitan area runs from 2. 3 to 6. 8 (light smokers, noninhalers to
heavy smokers, inhalers). Further, his findings of perceptual-cognitive decrements
conflict with a study which failed to find any decrements of similar tasks with up to
25-35 percent COHb (Dorcus and Weigand, 1929). Also, examination of some of the
reported decrements in cortically mediated tasks, such as arithmetic errors shows that
the absolute number of errors at 1 percent COHb was higher than at all other levels
up to 20 percent, except at two levels.

Trouton and Eysenck (1961) reported impairment in control precisioa and multiple
limb coordination when COHb levels exceeded 5 percent, whereas Schulte (1963) found
no change in muscular coordination as measured by reaction time, static steadiness,
muscle persistence, and cranial reflexes. Consistent with this the present study failed
to find any evidence for disruption in tracking or ataxia with average COHb levels of
6.6 percent. Several other studies failed to find disruption in performances which re-
quired a great deal of motor coordination until high levels of COHb were reached (Clay-
ton, Cook, and Frederick, 1960; Forbes, Dill, DeSilva, and Van Deventer, 1937;
Rockwell and Ray, 1967; Vollmer, King, Birrea, and Fisher, 1946).

In summary, it can be said that the case for performarnce changes under low levels
of carbon monoxide is not very compelling, and must await further experimental
support. However, if there is nu effect at these low levels of CO on performance, ther,
we have a finding of significant practical importance.
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DISCUSSION

DR. MACFARLAND (YORK UNIVERSITY OF CANADA): I know nothing about the
backgroum of this work other than what you told us today, but as a toxicologist who's
done a great many experiments over 25 years or so, as I look at your graphs there's
a suggestion that comes to me--it may be valueless here, but I'll throw it out for what
it's worth. In looking at the various graphs you have presented of your results, it
seems to me, superficially, two kinds of things. In some cases your curves are sort
of intertwined and it is perfectly evident there's no significant difference in the CO
groups versus the zero group. In some of the other graphs, however, you notice thaz
the curves parallel each other but they are separated by a distance. This usually
suggests to me, in the kind of work that I do, that there is probably some kind of
systematic error that I've got in my studies, but--again, I throw this out as probably
not true--it might be a difference in your analysis for carbon monoxide, or something
wrong with the analytical instrument that throws it off by a certain increment. As I
say, I don't suppose this is the case here, but the suggestion that comes out of this is
that in some of the cases where the curves are separated, more or less parallel, -- a
good guess would be that there may be systematic error operating that you haven't
identified.

DR. M!IKULKA: On your point there, there are two things. Statistically, if you
see diffe:ences in graphs that aren't held up, you really have no basis for saying any-
thing. That's one thing. Secondly, one of the tasks, where you see the big differences
in time estimation, was done because somebody else had used it and shown effects.
Actually, the study was done with the assumption that there are effects there and we
want to see just how big they are and what direction they are. Well, it turns out that
the task of time estimation, although you think that everybody has an estimation of
what ten seconds is, is a learning phenomenon that, as a function of exposure these
guys got better, and even though the design was counterbalanced, a couple of subjects
really showed improvement and happened to occur in the "wrong" groups, the CO ex-
posed groups. It only takes one or two subjects who are consistently betLer to pull
that whole thing off. You don't see it as nmarkedly or at all in tracking performance.
Everybody is trained very well in specific skills like piloting an aircraft, very com-
plex motor tasks, where they trained maybe for 30 hours apiece. I don't know if
that answers your question.

MAJOR THEODORE: I would like to answer the second part of his question about
the question of analytic error. Roughton, who probablN knows more at.out carbon mon, o-
xide uptakes in hemoglobin than anyone else in the world, constructed curves a number
of years ago with Forbes as a senior author, and on his curves he took into" account
the rate of carbon monoxide passage through the lung, rate of uptake with hemoglobin.

37



AMRL-TR-69-130

By comparing over the time interval, since carbon monoxide uptake is related to time,
the affinity of hemoglobin and rate of ventilation, he constructed these curves, and
our data hit his curves on the point almost cor-.istently to the pcint of disbelief. And
the spread of our data was so small that as far as analytical error being part of this,
I really doubt this, and thecretically it followed thie prediction curves put forth by
Roughton.

DR. BACK (Aerospace Medical Research Lalfrratory): Did you put anything on the

board showing carboxyhemoglobin levels?

MAJOR THEODORE: No. I can given them to you; I know them.

DR. BACK: Maybe the audience would be interested in what they were for com-
parative purposes with Beard's work and others.

MAJOR THEODORE: Well, quickly, Goldsmith and Landau found 1. 2 in the
average metropolitan nonsmoker; we found 0. 96%. At 50 ppm CO we had 2.96%. At
125 ppm CO we had 6.66%; at 200 ppm CO we had 10. 35%; and at 250 ppm CO we had
12. 3%ý. The last two points representing only 5 and 3 subjects might be less accurate,
but the spread, for instance with normal nonsmokers at zero conditions, (mean was
0.96%) spread was less than 0. 1. the total range. Nice and tight, except for the
smoker and he was way off. He had a 3. 7, I believe, at zero exposure.

DR. HODGE: May I ask how long it takes for the carbcxyhemoglobin curve to
get up to near its 3-hour value?

MAJOR THEODORE: As far as our study was concerned, the 3-hour value that
we got was predicted by the 3-hour value plotted by the Forbes-Roughton curves. To
reach equilibrium, I can't say for sure. I would guess, and this is only a guess on
my part, that it would take at least over 24 hours to reach equilibrium. But, prior
to that time, it's rate of uptake of carbon monoxide associated with the affinity with
hemoglobin, and you have to take other factors into account- -ventilation, cardiac
output, probably pH effects in the >.lood. You probably don't reach steady strte
carboxyhemoglobin level at exposure to a certain carbon monoxide level in the envirov-
merit until probably after one uay of exposure, but this is only a guess on my part.
But before that time, it ýs really an hourly increment.

DR. MIKULKA: I think ir's extremelv difficult to estimate with the low levels
that we are us, lig, 50 ppm, how long it would take or how high it would go.

MAJOR THtuOORE: For any of you who wouild like to look at the curves, there
is one in the Ilandboxk of 11hysiology and Respiration, Volume II.

DR. BENJAMIN (NASA, Washington): 1Do you consider the effect of carbon mono-
xide as a specific toxic effect or is it an indirect anoxic effect?



AMRL-TR-69-130

DR. MIKULKA: The mechanism is supposed to be--tissue hypoxia. That's all
I can offer as a psychologist, and from what I read from medical specialists in the
area, it should be a hypoxtic phenomenon, basicallv. It may be a lot more than that.
We don't show any effect, at this level.

CAPTAIN HICKS (U. S. Army Research Institute on Lnvironmental Medicine):
I was curious about your choice of a trial by trial analysis of the data, particularly in
the time estimation task. I wondered if you would have a different result it you would
analyze all the data together.

DR MIKULKA: We did. We did everything possible. You see, initially, biased
like all experimenters who -epeat previous work, we said, "We know there's an
effect there", and we analyzed everything. We did what Pierson says is dangerous.
We analyzed everything. We found nothing.

DR. PFIT'ZER (University of Cincinnati): As you undoubtedly know, there's a
great deal of activity regarding setting environmental quality standards for carbon
monoxide, and much of this is based on some of the work with which your data do noz
agree, and undoubtedly, this will lead to the need for further experiments to see if
they duplicate your work. I wonder if you have some thoughts on different kinds of
performance tasks which you think might be of more value if further work on this
question were to be done.

DR. MIKULKA: I think the problem there becomes what areas ar, these operational
limits being set? The population as a whole? For specific aerospace syste;.'1? Cardio-
vascular patients? If you go to space systems, you should use tasks like the pilcis of
a probable spacecraft on a trip to Mars (which is being projected) would be required to
be performed, and I can't be specific unless you throw me a task or type of environment.
For the psychologist, for the general population, I'd be concerned with tasks inw:Av.ng
intellectual functioning, whether these mental functionings are sharp. All data on
intellectual functioning, per se, involve crossing T's in a letter, and reduction to
absurd limits, and it's a bad area. That's why factor analysis was suggested. A ':
of things should be done that haven't been done.

DR. BACK: I thini one of the strong points of this particular experiment is the
fact that we used a tr. cking task at which the individual exposed cotild not win. The
faster he tasked himself the more the guts of the system made him fail. The better
he got, the worse he could get, so that he was working against a real handicap. He
had to fail, and this, I think, gives you some indication of the fine muscular coordina-
tion needed, and the intensity at which the man had to work. This is a fine task tor a
toxicological parameter in evaluating pilot performance.

DR. MIK.LKA: This task was tested and confirmed to be a fairlv accurate estinna-
tion of tracking perfcrman-e in auto driving, and in piloting lugh ycŽrformance aircraft.
It's a very involved tracking test. I think it's a good one, not Jun: --implv following a
little stylus around, but requires rapid reactioc to a Uial, vcrN qtnck resi,,nscs, and
visu~al input with motor lutput. It's very difficult, I think.
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MR. BIBIE (General Electric Company): This series of tests was what I would call
a short term series of tests. It was only three hours. How would your test results
change if you ran them for a ionger time like 24 hours?

DR. MIKULKA: I think the answer to the question is we don't krow. For one, we
don't know the uptake curves. They haven't been established yet. At three hours,
there are no effects. We go as high as 12. '477 CO -lb and there are no effects observed.
As a psychologist I would say a man could go, 24 hours under 50-125 ppm and show no
observablt. effects, in the types of tasks we have here. Whether you can go for 500
days, back and forth on a spacecraft mission for instance, is another story, and I
think it should be testrE., at least for some longer zerms of 1 poaure.

MAJOR THE,1ODORE: If we did a similar study, as Dr. Mikulka just described,
and ran it over 24 hours (and we might) we would be dealing with a different situation
because the carboxyhemoglobia levels would be much higher than they were at any
given point, but if you go to the iigher levels, like he pointed out, 13% carboxyhemo-
globin, and were able to go back to the lower levels at equilibrium, I would say maybe
you could go at Si ppm indefinitely if the sole factor involved in decrement were the
carboxyhemoglobin lev-. You have to try zo relate it to whaz you have available, but
if you run experiments longer, over 24 hours, iz's just really a function of how high
the carboxyhemoglobin levels are going to go and they have already reached their
limits depending upon the environment, and some of our high points really give credence
to our low points as far as exposure is conegrned for long periods of time. I would be
willing to say that at 50 ppm, from what little I know, some would pxo bably go on inde-
finitely.
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PAPER NO. 3

EFFECTS OF CARBON MONOXIDE ON THE PERFORMANCE OF MONKEYS

Kenneth C. Back, Ph.D.

Aerospace Medical Research Laboratory
Wright-Patterson Air Force Base, Ohio

INTRODUCTION

The United States Air Force has a very high interest in the short- and long-term
effects of carbon monoxide (CO) since studies of gas-off products of space cabin
materials and processes (including man's contribution) reveal that the compound is
likely to be found in space cabins if not properly scrubbed. In addition, there is a
strong possibility for the presence of CO and other agents such as gasoline fumes
during loading and unioading of large cargo aircraft as well as under other closed
operational conditions where munitions may be used. The experiment reported here
is part of a series of efforts to determine the levels of CO necessary to change the
performance of trained animals and to correlate such changes with other clinical
parameters. It was found in previous experiments that animals exposed to 55 mg/M'
for 105 days followed by 7- day consecutive exposures to 110, 220, and 440 mg/Ma CO
produced performance changes in 2 of the 12 monkeys tested (at the 110 rng/M 3 and
above levels) and that the 440 mg/M l CO level also produced changes in appetite and
in ourvard appearance in 6 of the 12 ani-aals (Back and Dominguez, 1968). Since this
was a sequential experiment, a decision was made to test the effects of CO on animals
that had never before been expc~ed to CO or other contaminants at a level which might
provoke performance changes.

METHODS

The subjects used in this experiment were 12 adult Macaca mulatta monkeys
which were trained at Arizona State University and shipped to Wright-Patterson AFB.
All animals were trained on the performance tasks to a stabilized level during a period
of several months.

The subjects were placed in 12 individual working cages especially designed to
fit in front of each of 12 windows within one Thomas Dome in the Toxic Hazards Re-
searnn Unit. The psychopharmacology programming equipment is solid state and has
been described previously in detail (Wolfle, 1966 and Back, 1967). In short, however,
the following procedures are used.
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The performance panel in each cage includes two stimulus lights over each of two
response levers (left and right). These levers are used for a continuous avoidance
task. Mounted between and slightly above these levers are two response push buttons.
"T'he upper push button contains a white lamp which flashes for a discrete visual response,
while a lower button is the response object for a discrete auditory response to a 2800
cps tone mounted at the upper left of the panel.

The animals are programmed to work eight hours each day. They work for 15
minutes each hour starting on the hour, five days per week, for as long as the experi-
ment is in progress. They do not work on weekends. The animals are fed at the end
of the last session on each work day. When blood is obtained or when any other pro-
cedure involving the handling of the animals takes place, it is scheduled before the
first work session in the morning (0800).

Each 15-minute work schedule includes three tasks. The monkeys must press
each right and left continuous avoidance lever at least once each 15 seconds or they
receive a light shock. In addition, they are presented 12 randomized visual and 12
randomized auditory cues during each 15 minute work period. The response to these
cues must be made within two seconds or the animals receive shock. The data are
collected and recorded for each session of each work day, and means and standard
deviations are determined for each animal. In addition, grand means are made on all
animals on a weekly basis to determine performance changes.

Routine clinical laboratory tests (table I) were performed at appropriate intervals
before, during, and following exposure to the experimental conditions. Carboxyhemo-
globin levels were performed by a gas chromatographic method (Dominguez et al, 1957).

TABLE I

ROUTINE CLINICAL, LABORATORY TESTS

Hematology Chemistry

WBC Sodium
RBC Potassium
Hemoglobin Calcium
Hematocrit Total Protein
Differential Count A/G Ratio

(when needed) SGOT
SGPT
Alkaline Phosphatase
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The experimental exposure conditions are outlined in table Ii. The animals were
placed in the Thomas Dome under ambient conditions for a period of 40 days during
which time baseline performance and clinical data were obtained. The ambient con-
ditions consisted of an air atmosphere, at 720 mm Hg pressure, air flow rate of 40
cfm, 70-78 F, and relative humidity of 50o. Another baseline or control session
was obtained when the animals were taken to altitude (260 mm Hg) in air atmosphere
of 68%0 O/3470 N2 for a period of 28 days. All other conditions previously noted re-
mained the same. Next, CO exposure was begun and continued for 103 days at a level
of 220 mg/M 3 . The CO atmospheric content was continuously monitored by infrared
spectrometry. Following exposure, the animals were again returned to the ambient
condition of air at 720 mm Hg were they were observed for 30 days.

TABLE II

EXPERIMENTAL EXPOSURE CONDITIONS OF 12 TRAINED MONKEYS

Atmosphere Altitude Duration

1. Air 720 mm Hg 40 days
(3 Feb - 14 Mar)

2. 68% O2 /320/ Nz 260 mm Hg 28 days
(15 Mar - 11 Apr)

3. 6870 O,/32T0 N2  260 mm Hg 103 days
plus 220 mg/Ma CO (12 Apr - 23 Jul)

4. Air 720 mm Hg 30 days
(24 Jul - 22 Aug)

RESULTS

Hematological changes produced by the 103 day exposure to 220 mg/M 3 CO are
shown in table III and graphically depicted in figures 1-3. In essence, total red blood
cell count, hemoglobin content and hematocrit increased during the exposure period.
Peak levels of each parameter were attained approximately one month into the expo-
sure with rbc's increasing by approximately a million, hgb by 2 gm %, and hct by
10 vol %. Concurrently, carboxyhemoglebin levels reached a mean of 22/0 saturation.
These levels plateaued within the first bleeding period (10 days) and remained essen-
tially constant for the 103 days of exposure. Bloods drawn on the first day postexposure
rcvealed that there was essentially no carboxyhemoglobin left and one month later the
other hematological parameters had returned to baseline levels.
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TABLE III

HEMATOLOGICAL CHANGES*

Hemoglobin Hematocrit Carboxyhemoglobin
Date Rbc x 108 (gm Z) (Vol %) (70 Sat)

23Jan 5.89 k 0.48 13.5 - 0.9 41 k3

oC 25 Feb 5.89 0.30 12. 1 0. 7 39 *k 2.5

4Mar 5.59*0.26 11.3+0.8 36*3 3

14 Mar 5.48+ *0.27 11.2 ± 0. 9 37 +- 3

~~21 Mar 5. 36*±0. 38 11.3*±1. 2 36*4k 4

0 22Apr 6.25 ± 0.49 13.1 1.1 43±4 20.7 ±2.2

+ 22May 6.43 ± 0.47 14.2* 1. 1 46*4 22.1 ±-1. 2CO swa

i Jul 5.99 *k 0.53 14.5 1.1 46 *-3 21.6 ±1.4

24 Jul 5.66 * 0.59 13.6 -1.3 44 4 0.95±0. 17

19 Aug 4.96 ± 0.,41 11.6 0.9 39 3 --

*Means ± standard deviation
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Figure 3. THE EFFECTS OF CARBON MONOXIDE ON HEMATOCRITS

Selected performance data are depicted in figure 4. These are the data from all
12 animals and indicate that performance was not significantly changed from control
values during exposure. None of the animals, individually, showed any marked changes
either clinically or in terms of performance. Other than the hematological changes
mentioned before, none of the other clinical laboratory tests was significantly different
from control values.

Despite mostly negative data from these monkeys, one animal became acutely
ill 4 days following exposure and wao killed using pentobarbital. The animal showed
marked loss of appetite immediately before onset and was obviously dehydrated with
chronic convulsions occurring before euthanasia, The pathology report couid not
establish the definite cause o, illness but the microscopic changes were all compatible
with the convulsive episodes. The diagnosis was idiopathic hypoglycemia with all other
clinical laboratory tests being in the normal range. The death was not thougbt to be
due to exposure to CO.

46



AMRL-TR-69-130

vmAL

gol
220 .. 6 'co

ItAPR TE M23NJU

%-ELfFT LiVERI

14 WA 17114111-21110 1XII~IVIUJA.I ZiA&L.ZSJIL IM*ISAL6-5U

Figure 4. THE EFFECTS OF CARBON MONOXIDE ON PERFORMANCE IN
12 TRAINED MONKEYS

SUMMARY AND CONCLUSIONS

In order to test performance changes in animals, a continuous 100-day CO
(220 mg/M 3 concentration) exposure study in a space cabin atmosphere of 5 psia
total pressure (27, 000 ft simulated altitude), mixed gas environment consisting of
68% oxygen and 3270 nitrogen (pO= 160 mm Hg) was performed. The experiment was
performed on 12 trained Macaca mulatta monkeys in which operant behavior was
conditioned to both continuous and discrete avoidance tasiz3 by both audio and visual
cues. The animals performed 15 min/hour, 8 hours/day, and 5 day/week, during
the continuous exposure period. Extensive clinical laboratory determinations were
performed, including blood carboxyhemoglobin levels, at regular intervals before,
during, and following the exposure period. Results of the 100-day exposure indicated
a rapidly plateauing carboxyhemoglobin saturation of approximately 22°7 in all animals.
There was also a concomitant increase in hematocrit and hemoglobin. Exposure caused
no detectable performance changes in any of the monkeys tested.
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DISCUSSION

LT. COLONEL STEINBERG (U. S. Army Environmental Hygiene Agency): Dr.
Back, when you got to this 22% carboxyhemoglobin level, was anybody measuring
anything like hypertension, cardiac rate, or anything like this?

DR. BACK: The answer is no. Not on these animals. However, Capt. Chikos
is presently doing this work in another dome going at 440 milligrams per cubic meter
of carbon monoxide in which we have a "zoo", but two of the dogs in there have been
tested and there is no change in at least blood pressure and EKG after 3 months at
440 milligrams per cubic meter, and off the top of my head, I think the hematocrits
on these animals are up around 60 or 61. The hemoglobins are over 20, so they have
frank sludge running around in their blood vessels, but as far as I can tell, with no
change in blood pressure or electrocardiogram. I think that answers it at this moment,
but it's only two animals out of the 8 dogs that we tested. This takes some doing. 1-he
animals have to be anesthetized at altitude and all of the data monitored outside. We
do hv'e a monkey with implanted brain electrodes in that dome and we will be doing
EEG's on this animal.

DR. SLONIM (Aerospace Medical Research Laboratory): Are you ruling out
absolutely that there is no counter effect of the oxygen on the CO effect on performance
in your monkeys?

DR. BACK: It'he 687o oxygen, if you remember, is at 260 millimeters of mercury,
so the pO. 1,s exactly like it is in this room. This is not increased oxygen environment.

DR. WEIBEL (University of Berne): You may have said it, but it appears that theincrease in hemoglobin j-.:t about compensates for the carboxyhemoglobin formed.

Now, what is the half life of red cells in these monkeys? It seems to drop rather
rapidly.

DR. BACK: I don't know what it is. I haven't the vaguest notion.

DR. WEIBEL: It ceems te be rather rapidly going down.

DR. BACK: No, you have to look at the dates very closely. That drop was almost
a month.

DR. WEIBEL: Still that's--
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DR. BACK: Well, that's relatively rapidly. It's almost a month. That's why I
had to bring them down. I kept getting bloods on them until I figured they were at
preexposure levels before I went back up to 440, and because I didn't know where to
stop, really, I had to pick a hemoglobin and hematocrit very close to what it was
before. They are variable. The oker thing is we are not sure what iron does here
We had to give our animals Chocks, and so the animals were fed a vitamin with iron
added, and hemoglobin still didn't increase. You see our preexposure hemoglobins
were bothering us because when they were in the animal house they were up around
13.5 and by the time we started they were down around 11.5. We started to think:
"Well, maybe they're losing blood, or not eating correctly", aad we tried to compen-
sate for that. We even gave them an injection of iron and that didn't seem to help
them either.

DR. WEIBEL: Well, did you check the CO level in your animal house? Were
your caretakers smoking all the time in there?

DR. BACK: No, they are not. They have to wear masks in that particular room.

DR. LEON (NASA, Ames Research Center): During that period, when the hema-
tocrit and hemoglobin went down, were they in training then?

DR. BACK: As soon as they went in the domes they were in training, yes.

DR. LEON: Were they inactive, fairly inactive? Weren't running around?

DR. BACK: As you will see this afternoon, they are in a cage which is closed on
three sides and they can only see out in front of them. They are rlativelv inactive.
Although some of the animals appear to jump around, some of them don't. They're
just sedentary.

DR. LEON: There's the decrease in red cell mass which accompanies bedrest
and hypodynamia in general. This might be the ca'se.

DR. BACK: These are not that motionless, believe me. When we bleed 'hem,
they give us a good tussle.

DR. BENJAMIN: Is your increase in hemoglobin an increase of number of cells
or an increasc of th, size of cells?

DR. BACK: The RBC's didn't change too much. Fotal numbers didn't go up tox)
much. I don't think the were macroc-tic or microcvtic.

(,2cEs rFON: Could you give us more information on the type of asks you
used

DR. BACK: Yes. I said each animal must press a left and right lhver contlnkjousi\
evcry 15 seconids at least once or he's shocked, and he must push a button on au~dJ-!:
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cue when a 2400 cps tone comes on within two seconds or he is shocked, and a white
light comes on at random again, behind another button, and lie must push it out within
two seconds or he is shocked. Now, he gets 12 presentations, audio and visual, each
15 minutes, and the program goes on at eight in the morning, goes off at 8:15; goes on
at 9:00, off at 9:15, and so forth until 3:15, at which time the chambcr technician goes
in. feeds and cleans them, et cetera. This is all published in the last proceedings.
I didn't bother to go into the details.

DR. ALBRIGHT (Lockheed Missiles & Space Company, Sunnyvale): I have diffi-
culty understanding what you consider your baseline hemoglobin in this experiment,
and I would suggest that a cleaner experiment would be to have your sea level control
in the dome to start with and wait until you have a baseline he-moglobin before you go
to experimental variable.

DR. BACK: We did that, if you will recognize that they were on the ground- -. t a
fairly stable level. That's from February to March, which is a one month period. I
think you can sc- that there's no significant difference. They're all within one standard
deviation.

DR. ALBRIGHT: How do you explain the first point?

DR. BACK: I said these animals were up in the animal house. Even that is not
significantly different, but there is a trend. All I'm showing is a trend, and it's
pretty obvious from this ,.nd other experiments that this is what's happening and vou
don't have to go to extensive statistical analysis to show that the increase in hemoglobin
during CO exposure is really compensation. It has to be real.
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CARBON DIOXIDE TOLERANCE LEVELS FOR SPACE CABINS
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J. M. Clark, Major, USAF, MC

and
Billy E. Welch, Ph. D.

USAF School of Aerospace Medicine
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INTRODUCTION

Current methods for maintaining the partial pressure of CO2 at levels less than
5 mm Hg in spacecraft cabin atmospheres have proved to be very successful in orbital
and lunar missions to date. Despite the high degree of reliability for CO2 removal
systems, CO. contamination of a confined cabin atmosphere remains a realistic,
potential problem in spaceflight operations. Although numerous experiments have
been performed to determine the physiologic effects of CO2 on man, a deiineation
of safe exposure levels has not been well-established. Therefore, a series of related
experiments was conducted in an attempt to define more precisely the tolerance levels
for human exposure to elevated partial pressures of CO.. The problem was approached
with two primary goals: first, to determine the rate and degree of acclimatization of
the resting nian to elevated CO. and second, to determine the physiologic effects of
the added stress of exercise on tolerance to hypercapnia. This paper will review the
finilings of rt, I-C~k a . 3 ~ 'c '; x;~ L"P:i.Lbuus

all of which were pertormed within the past two years.

SUMMARY OF HYPERCAPNIA STUDIES

Table I describes the three chronic CO. studies and two exercise-hypercapnia
studies. In the first chronic experiment, 4 subjects were exposed to an ambient

PCO2 of 30 mm Hg for 11 days; in the second experiment, 4 different subjects were
exposed to the same ambient PCO2 for 5 days; and the third experiment consisted of
a 30-day exposure of 4 additional subjects to an ambient PyOj of 21 mm Hg. Each
experiment was dcsigned to obtain repcated measurements o? ventilation and acid-base
indices of arterial biood and lumbar cerebrospinal fluid (CSF) during exposure to
hypercapnia.
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TABLE I

CN•MlC HYR.WPA SWUDIES

AMOIENT PCO2
SUBJEM InmiWN NMKIR OFD AYS

4 10 II

4 2 U

L)RCIS DUIRING EXPOSUfE rO FYFRCAPNIA

4)481(2 P,- OJURATION
SUBDCTS n! WORKOAD min)

8 S. i.1. )a -M-WmanlI 3D

4 21 la te-nhuomnic L-M-H 4S

ond 21 mmn H9 only - Z' minutes

In the first exercise-hypercapnia study, 8 subjects performed 30-minute periods
of steady-state moderate exercise at 1/2 of their maximum oxygen consumption
(Vo.) with inspired PCOa (PICO ) levels of "0", 8, 15 and 21 mm Hg, and heavy
exercise (2/3 of maximum Vo )fat the same levels of PICO plus 30 mm Hg. The
same subjects also performed a progressive exercise test to exhaustion (maximum
VO2 ) with PI1o levels of "0", 8 and 21 mm Hg. Inspired PCO closely approximates
the ambient FPCO6 and, therefore, the two terms will be used interchangeably in this
paper. In the second study, four additional subjects performed three levels of work
(low, moderate, heavy) in air and after 1-hour of acute exposure and 15-20 days of
chronic exposure to 21 mm Hg ambient PCO.,. A 45-minute period of continuous steady-
state exercise was performed at each work load. Measurements of minute ventilation,
gas exchange and arteria lO• (PacO.) and pH, along with electrocardiograplic
monitoring, received primary emphasis in the exercise tests which were performed
on a bicycle ergometer. In both studies, the worK load classified as heavy (H) was
nearly identical in terms of heart rate (HR) L .d oxygen consumption (Vo•). Therefore,
the physiologic responses to heavy exercise performed in air and in 21 mm Hg
PICO, may be compared in the two experiments.

RESULTS OF THE CHRONIC HYPERCAPNIA STUDIES

Ventilation, PaCo 2 , CSF PCOp

Effects of the 5-day and 11-day exposures to an ambient PC," of 30 mm Hg on
minute ventilation (VE), PacoQ and CSF PCO, are shown superimposed in figure 1.
The shaded areas represent the data from the 5-day study. The exposure periods
were preceded by 3 to 5-day control periods and followed by 2 to 5-day recovery
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periods. In general, the results of VE, PaCo, and CSF PCO, in the wn studies par-
alleled each other very closely. Average ventilation increased abrtptly at the start
of CO. breathing and then decreased slightly after the first day to remain essentially
constant for the remainder of the exposure periods. During the recovery periods, the
VE returned promptly to normal. After an initial elevation of about 2-4 mm Hg,
PaCO= increased an additional 1-3 mm Hg during the first day of hypercapnia and was
not changed after 5 days in boch studies, and after 9 days in the 11-day study. During
the recovery periods, the PaCO2 had returned to normal when measured after 2-4 days.
Average values of CSF PCO, appeared to parallel those in arterial blood and the CSF
PCO 1 measured after one day of exposure was elevated by about 6 mm Hg in both
studies and remained constant throughout the exposure periods.

Because the results of the 11-day study indicated that respiratory acclimatization
to hypercapnia was essentially complete after one day of exposure, the first 24 hours
of hypercapnia and the first 24 hours of recovery were studied more carefully in the
5-day experiment. Ventilation and PaCO, were measured simultaneously at 4-hour
intervals during the first day of exposure and the first day of recovery. Although not
shown, it is interesting that the peak elevations of PaCo2 which were observed after
16 and 20 hours of exposure to an ambient PCO of 30 mm Hg and again after 16 and
20 hours of recovery were also observed at the same times during and after the 30-
day exposure to an ambient PCO of 21 mm Hg. In all cases, the increases in Paco,
occurred at the time of day when the subjects normally would have been sleeping.
These data are indicative of a diurnal variation in the venitilatory response to CO 2
similar to that reported by Egar et al (1968) and Koepchen et al (1953). It is pos-
sible that diurnal variation of hormone blood levels as shown by Von Euler (1955) may
be partly responsible for the cyclic changes in ventilation and PaCo 2 . The data sum-
marized in figures 1, 2 and 3, except during the first 21 hours of exposure and recovery,
were all obtained within a few hours after the subjects were awakened and should not
be influenced by diurnal variation.

tilLerial and CSF pH and Bicarbonate [HCO 3-]

Average arterial and CSF pH and [HC0 3-]data from the 5-day, 30 mm Hg experi-
ment are summarized in figure 2. The arterial pH decreased acutely by 0. 025 units,
reached its lowest level at 20 hours of exposure, and then increased prc,,grssively
until it returned to normal by the 5th day of exposure. Average CSF pH was lowest
after 8 hours of exposure and then increased to . level •ery near the control value by
the end of the exposure. Both arterial and CSF LHCO -iincreased progressively in
parallel fashion to reach their maximum elevations by the 5th day of exposure. Du_: ng
the recovery period, all parameters returned to normal with the exception of CSF pH,
which was lower than the control value in conjunction with slightly elevated CSF PCO,
after 2 days of recovery (see figure 1).
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Figure 1. EFFECT OF A S-DAY AND 11 -DAY EXPOSURE TO AN AMBIENT
PCO OF' 30 MM HG ON VENTILATION, ARTERIAL Pcy'. The
ambient oxygen concentration was maintained at about 1~o-2070
throughout the experiments; ambient PCj was less than 2 mm
Hg during the control and recovery perioA. The data, which
represent the average results of 3-4 subjects, were obtained
from the unpublished observations of Menn -et al (1968) for the
il-day study and Clark et al (1969) for the 5 -day experiment.
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Figure 3. EFFECT OF CHRONIC EXPOSURE TO INCREASED AMBIENT
PCOO ON THE RELATIONSHIP OF VENTILATION TO ARTERIAL
PCO (COn-RESPONSE CURVES). Data for the 5-day ard 11. -day
studies were obtained from the same experiments described in
figure 1, and from the observations of Clark et al (1969) for
the 21 mm Hg, 30-day experiment.

Arterial P 0 2 -Ventilation Response Curves

Data from the two 30 mm Hg PCna experiments and the 21 mm Hg, 30-day experi-
ment which show the relationship of ventilation to PaCO -ventilation response curves
performed after at least 24 hours of exposure had shifted to the right of the control
curve. T'hese curves, along wito, other PaCOS -ventilation response curves ootained
at intervals during the exposure periods, were tightly grouped and are represented
by the shaded areas in figure 3. Successive exposure curves indicated that there may
have been a slight aaditional shift to the right of the 24V-hourpurve which was probably
the result of the slow steady rise in arterial and CSF LHCO3TJ (figure 2). After 24
hours of air breathing, the Pc,2 O, -ventilacion response curves shifted back to the
left toward the control curve and appeared to shift still further to the left after 2-4
days of iecovery. Alth0Lugil the shifts in the PaC -ventilation response curves appear
to b, small in magnitude, comparison of the ventCiatorv responses obtained at a con-
stant PaCO2 shov, that ventilation after 24 hours of exposure to hypercapnia was con-
siderably less than the ventilatory response to the sarnc Pa(co during the control and
recovery periods. Schaefer (1949) has reported a similar shirt to the right of the
alveolar PCO 2-ventilation response curves in normal men exposed to chronic hvper-
capnia, and Katsaros, et al (1960) produced the same result by acute administration
of bicarbonate.
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RESULTS OF EXERCLSE=HYPERCAPNI A STUDIES

Figures 4 (A, B), 5 (A, B) and 6 (A, B) illustrate, respectively, the minute ventilation
(VE), CO2 elimination (Vcod and PaCO results of the two exercise-hypercapnia
studies. Part (A) of each figure shows data from the study of graded exercise during
acute and chronic exposure to 21 mm Hg ambient P, . The data are plotted against
the mean heart rate (HR) responses to exercise rat ez than actual work load. Part
(B) of each figure illustrates the results of a constant steady-state work load (2/3 of
maximum VO) performed in graded levels of hypercapnia with the data plotted against
the inspired FCO.
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Figure 4. EFFECT OF INCREASED AMBIENT PCO ON RESPIRATORY
MINUTE VOLUME DURING EXERCISE. aPart (A) shows the
avcr-ze result-, ot .! --,4,jects durhig giaded exerLiý,e in air
and after acute (1 hour) and chronic (15-20 days) exposure
to 21 mm Hg ambient PcO2, Sinclair et al (1969b). Mean
heart rate responses to exercise were essentially the same
at each work load for all experimental conditions and were
used as an index of work effort. Part (B) represents the
average results of 8 subjects during the performance of a
heavy work load in graded levels of inspirod PC02, Menn
et al (1968).
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Figure 5. EFFECT OF INCREASED AMBIENT PCO2 ON RESPIRATORY
GAS EXCHANGE DURING EXERCISE. Parts (A) and (B) re-
present the same experiments as described in figure 4.
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Ventilition (VF,)

Figure 4 (A) shows that the average magnitude of VE at similar work levels was
essentialiy equal in acute and chronic hypercapnia with the air curve approximately
15 L/Min lower at each work load. Part (B) of figure 4 illustrates the increase in VE
in going from rest to exercise and shows that it was essentially equal with the same
work load performed in lower levels of PIGS= (up to 15 mm Hg), but widened slightly
at the higher levels of PICO 2 . The data indicate that the increase in VP with exercise
in hypercapnia approximates a simple addition of increments with th3 possible excep-
tion at higher levels of PICO (21 and 30 mm Hg) where the effects of the combined
stressors on VE may be sonewhat synergistic. These findings agree, in general,
with those of Craig (1955) and Asmussen (1956). The changes in VE with exercise in
hypercapnia were brought about by increases in both respiratory rate and tidal volume.
The latter contributed more to increasing VE during exercise at a constant wark load
performed in progressive Pie- 0O, while changes in respiratcry rate were more impor-
tant in increasing the VE with graded exercise performed in a constant ambient PCO'.

Carbon Dioxide Elimination (VYG0)

Data showing the effect of exercise in hypercapnia on VCO, for the two studies are
summarized in figure 5. In the first experiment, figure 5 (A) increases in CO2 elim-
ination were progressive with increasing work load for all three experimental conditions;
however, the curves were shown to be significantly different with the VCO2 curves for
acute and chronic hypercapnia falling below the air curve. The finding of decreased
VCO has been observed in omher exercise-hypercapnia studies by Finkelstein (1968)
and $inclair et al (1969a). Part (B) of figure 5 shows that VCO decreased significantly
from 2.43 L/Min (STPD) to 1. 84 L/Min over the "0" to 30 mm lig PICS- range with a
constant work load. The fall in VCO 2 with exercise in hypercapnia has Seen shown not
to be the result of reduced oxygen consumption as exemplified by the accompanying
results for VO 2 in figure 5 (B). Since the respiratory system is the primary route for
CO2 excretion, a decrease in VCO2 with exercise in hypercapnia must represent a
failure of fully adequate ventilation. It is suggested that the presence of CO2 in the
inspired air reduces the quantity of CO. that can be eliminrated in each liter of expired
air and, therefore, decreases the efficiency of alveolar ventilation. Retention of CO2

can be expected to continue until mean pulmonary capillary PCO9 and VE increase
sufficiently to restore equality between CO2 elimination and CO2 production.

Arterial PCO, and pH

Figure 6 (A) shows that the differences between the mean PaCo 2 during acute and
chronic CO, and the corresponding PaCO 2 values in air increased progressively with
increasing work load. Figure 6 (B) illustrates that changes in PaCO, between exercise
in air and exercise at each level of hypercapnia also increased progressively with
I'l,..) . It can be noted that there was an increase in PaCO, of approximately 10-12
mmIllg associated with heavy exercise performed in 21 mm Hg ambient PCO2 in both

studies. A rise in PaCO2 in going from rest to exercise in air is not the usual finding
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in the literatuve. Generally, no change in PaCo 2 is reported for moderate ex2rcise
(Holmgren and Lindei riolm, 1958) and a decrease in PacO, with heavy exercise
(..mussen, 1965). The progressive increase in PacO, with exercise in hypercapnia
observed in these studies can be explained, in part, by retention of CO. ab indicated
by the associated decrease in VCO,, (f~gure 5).

The arterial pH decreased progressively with increasing work load in the same
ambient PCO,, or with exercise at the enme wor. load in Increcding PICO,. In both
studies, the metabolic acidosis component of the observed change in arterial pH was
found to be less during exercise in hypercapnia than during the same exercise work
load performed in air.

SUMMARY AND CONCLUSIONS

With the exception of occasional mild headaches and awareness of increased
ventilation during the first 24 hours of hypercapnia, the subjects tolerated chronic
exposure to 21 and 30 mm Hg ambient PCOx without apparent difficulty. It is note-
worthy that the investigators and technicians entered these hypercapnic atmospheres
for periods of 2-8 hours on a daily basis. Very little difficulty was reported by this
group other than the awareiess of increased ventilation which was especially noticeable
in the 30 mm Hg environments. The investigators did not find it difficult to perform
physiological tests and measurements during these exposures and their awareness of
increased ventilation appeared to subside 1-2 hours following the abrupt exposure.

The objective results of the chronit. studies indicate that most of the reduction
in the ventilatory response to CO2 occurs within the first 24 hours of exposure to
I.h, ercapnia even though the maximum compensation of the initial decrease in arterial
pH requires up to 5 days. It is suggested that a central component of respiratory con-
trol which is relatively insensitive to changes in arterial pH is responsible for the
early ventilatory acclimatization.

The data summarized in figures 4-6 indicate that some of the normal responses to
exercise in air are significantly modified by the simultaneously imposed stress of
exposure to atmospheres containing 8-30 mm Hg PICO . Notable in this respect were
elevation in VE and retention of CO. as manifested by a decrease in VCO 2 and incrense
in PaCO . Nine incidents of cardiac ectopic foci were recorded during the exercise
studies;!however, one subject was responsible for 5 of the ECG abnormalities and it
was not possible to correlate the changes in ECG with work load or level of ambient
PCO2- In some cases, the ectopic foci were associated with exercise in the "0" PICO,
environment.

Despite the observed physiologic changes, no difficulty was encountered by the
exercising subjects at low CO. levels of 8 and. 15 mm Hg PICO . Higher levels of
hypercapnia (21 and 30 mm Hg) caused some symptoms of dyspnea and intercostal
muscle pain, but were of mild enough degree to permit all subjects to complete their
exercise runs. The tolerance to maximumn exercise in 21 mm Hg resembled that
to the heavy work load in 30 mm Hg PICO. Physiologic responses to graded exercise
during acute and chronic exposure to 21 mm Hg ambient PCO2 were found to be essen-
tially the same.
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I. should be emphasized that these conclusions are based upon data obtained from
relatively small groups of subjects. In addition, individual variations in both objective
and subjective responses to CO2 inhalation were seen in the resting and exercising
subjects. While the range of CO2 partial pr,- sures employed in these studies appears
to be accemtable for human exposure, more definitive information will be obtained by
exposure of larger numbers of subjects to higher levels of hypercapnia and additional
combinations of exercise and PICO.. These studies are presently in the planning stages.
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DLSCUSSION

DR. BACK: Have you tried to prejudice your results by giving a cai',,aic anhydrase
inhibitor?

MAJOR SINCLAIR (USAF School of Aerospace Medicine): No, we haven't. We are
just interested in the objective responses of the subjects without tampering with the
acid-base parameters in any way at this time.

MR. WANDS (National Academy of Sciences): Did you do any blood cheristries
on these people? For example, calciums?

MAJOR SINCLAIR: No, we did not. These studies have been cione in earlier
chronic hypercapnia studies. The results of the calcium/phosphorus analtical tests
in previous studies were negative. Other investigators have shown changes in calcium--
phosphorus levels in the blood as well ab the urine. in most cases these were chronic
animal exposures to higher levels of hypercapnia. In our upcoming studies we plan
to go to a higher ambient pCO., try 40 mm of mercury, if this apears to be feasible
in pilot runs, and we do plan to get better calcium balance studies in this test.

DR. COULSTON (Albany Medical College): Just a question about the format of the
experiment. How did you disting;idb berveen th-ý no-mr! appr3hersive response of
these people 'when they knew they were going to get more and more of CO2 or some-
thing else? In other words, how did you double 1 lind out tie normal increase of heart
rate and so on as the atmosphere was -hanged?

MAJOR SINCLAIR: Well, there was no secret about when the subjects were going
to be exposed to the CO2 . All of cur .hronic studies %weie preceded by a suitable
control period during which the subjects lived in the environmental chambers. They
were moved only temporarily from the environmental chamber long enough to allow
the environmental control system to bring the CO. to irs desired level, and then the
subjects walked back into the chamber with an abrupt exposure to the ambient CO2 .
They were well aware of the increase in the environment. We made no effort at all
to hide this from them or to prevent these excitatory changes which might have been
in cxistencc. We really can't differentiate any effects purely from the atmosphere,
such things as heart rate, from the effects of general excitemeat of che in, .al exposure.
One thing we did not see, and I think this has been reported, especally by Dr. Karl
Schaefer and in other chronic CO. studies; there appears to be an initial period of
excitation followed later, shortly later, by a period of depressior. In c-ur :hronic
exposures to hypercaprna we did not see these phases or waves in the state of excita-
tion of the CNS. I think it's kind of hard, anyway, to say that vou're seeing &. state of
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depression and not seeing just depression from being id the chamber, knowirg you're
going to be there an additional 15 days or what have you.

DR. BACK: I'm still wondering what's going on in the urine of these people. What
about pH and pCO and bicarbonates and sodiums or potassiums? Did you do any urine
work at all? You kept alluding to the fact that you say that you've got a decreased
excretion as one of the mechanisms, and I'd like to know what's going on in the urine.

MAJOP SINCLAIR: We have included urinary studies in all of our chronic tests.
We look at nitrates and acidity, and ammonia. In previous studies, w- looked at
calcium and phosphorus in the urine. We have been unable to see significant changes
in these parameters in the levels of hypercapnia in chronic exposure we have used
in OLr studies. I don't know whether this is the result of methodology or whether we
are not seeing changes. We cannot pick them up in the urinary tests we have been
using.

MAJOR THEODORE: I think that this was a pretty nice study as far as showing
the chronic effects of hypercapnia. There was one point, maybe just a point of clari-
fication, to explain your alveolar CO. gradients. You sort of said this was due to a
reduction in alveolar ventilation. I think you probably really meant this was a dis-
turbance in VQ abnormalities. There's a tremendous amount of data on this point.
It's just a moot point, actually. Alveolar ventilation did actually increase. Theoreti-
cally, your arterial pCOg should equal alveolar pCO, and the only way to get gradients
of this type has to be through VQ abnormalities, since no diffusion barriers to COs
have ever really been demonstrated. I think Cadell especially has used t%ý'i type of
CO gradient to pick up early vascular lesions in the lung, which is common not only
with vasculitis but with embolic phenomena.

MAJOR SINCLAIR: Let me clarify one point. I was not speaking of alveolar
arterial gradients. The difference I was speaking of was in relation to the arterial
pCO, with given exercise workload in hypercapnla as compared to the same arterial
pCOl response to the same workload performed in air. That difference is what I was
looking at.

MAJOR THEODORE: I retract everything.

MAJOR SINCLAIR: All of our arterial blood sampling was done simultaneously
with measurements uf alveolar pCO and consistently we saw about a 2 mm gradient.
We oid not see a change. Also I was not speaking of alveolar ventilation; I was speak-
ing of a decreased efficiency of alveolar ventilation to remove CO, in hypercapnia
env-iz onments.

MAJOR THEODORE: By definition that's what occurs. I thought when you were
talking about your gradients you were really talking about CO,... alveolar arterial
gradients.
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MAJOR SINCLAIR: Then I would have to agree with you that we would have a
diffusion problem there.

DR. HODGE: What sort of space cabin CO. levels did you mention at the start?
Had they all been maintained below some figure?

MAJOR SINCLAIR: To my knowledge it has been maintained below 5 mm of mer-
cury. Possibly it has jumped up to 6, 7, or 8. 1 don't know, but from what I gather
in all the flights to date, this is just in the space cabin, the pCO, has been maintained
lower than 5 mm of mercury. I think in the extravehicular activity the breathing COg
pressure probably jumped up higher on occasions.
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INTRODUCTION

The Apollo and School of Aerospace Medicine fires in January of 1967 have stimu-
lated a great deal of interest by the U. S. Air Force in the search for satisfactory fire
suppression agents for use in oxygen rich atmospheres. Agents, including water and
various haloalkanes, have been evaluated for effectiveness in these atmnospheres
(Botteri and Manheim, 1969). Of the agents for which some fire fighting experience
exists, only water and bromotrifluoromethane (CBrF 3 )potentially fulfilled the estab-
lished requirements, with CBrF 3 being the most effective on a pound for pound basis.

The chemical similarity between these haloalkanes and other known central nervous
system depressants, such as halothane, has necessitated comparative toxicological
evaluation of these compounds. The importance of these evaluations is magnified
greatly since the agent may be used in a closed environmental system such as a space
cabin. CBrF 3 has been shown to be least toxic of five haloalkane fire extinguishants
tested in rats (Clayton, 1967). Paulet (1962) could not demonstrate any subjective
alterations in rabbits, mice, guinea pigs, or rats when exposed to concentrations of
less than 50% CBrF 3 . This apparent lack of toxicity at effective fire suppressing levels
increased the desirability of this compound even more.

Van Stee (1969a) reported lethargy and loss of aggressiveness in conscious monkeys
exposed to 50-8070 CBrF3. Alterations in the electroencephalogram (EEG) of unanes-
thetized monkeys exposed to CBrF, at concentrations of 50o and higher have also been
observed (Van Stec, 1969b). The EEG patterns produced by CBrF, differed from those
produced by halothane in that tactile and visual stimuli could cause activation of the
EEG during exposure to CBrF 3 . Significantly lower concentrations have been shown
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to induce varying degrees of performance decrement in human subjects (Hine, 1969).
A majority of these subjects exhibited signs of beginning inebriation or analgesia at
concentrations of CBrF 3 beLween 10-15%. Hine indicated that loss of consciousness
would have occurred in most subjects at concentrations between 15 and 25% CBrF3 .

The purpose of this investigatl-:n was to quantify any possible performance decre-
ment expected on the basis of human exposures and to correlate these with changes
seen in other animal data.

METHODS

APPARATUS. An exposure chamber similar to the one utilized by Reynolds and
Back (1966) was made practically airtight for this study (figure 1). The 15. 5. inch
square test panel mounted on one wall of the test chamber contained 2 response levers
each with a stimulus light mounted 1 inch above a lever, and 2 push button switches.
A stimulus light was mounted behind one push button, and a 1 kHz speaker was mounte
behind the other push button. A plexiglas window in one side of the chamber was utili;
for observation of the subject during exposure.

SAWLE TVM-

Figure 1. SCHEMATIC DIAGRAM OF EXPOSURE APPARATUS.
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CBrF 3 (1) and oxygen were introduced into the chamber through a portal in the
lower left wall containing the performance panel. A fan installed under the shock bars
in the rear left side of the chamber directed the flow of gas upward toward the area
occupied by the monkey in front of the performance panel. A vent in the upper right
rear corner of the cage permitted a smooth flow of the freon from the bottom left side
to the upper right side of the chamber. A line for obtaining chamber air samples was
suspended in the middle of the chamber at approximately the monkey's breathing zone.
Air samples for CBrF 3 analysis obtained from lines placed at four other locations in
the chamber did not differ more than 1% from that obtained from the primary sampling
line. This indicates that adequate mixing of the CBrF 3 and the chamber atmosphere
was obtained.

The CBrF3 was admitted into the exposure chamber by means of two parallel lines
which were joined as a common connection both at the tank regulator and at the chamber
attachment. One line was equipped with a shut-off valve and the other with a needle
valve wbich permitted a regulation of CBrF 3 flow of 0-2 cu ft./min. Chamber CBrF 3
concentrations were determined by use of a Model 154 Perkin-Elmer vapor fractometer. (2)
Chamber oxygen partial pressure was monitored by a Beckman model 2 C gas analyzer.
A console of electronic relay circuitry was used for programming the performance
tasks and recording results.

PERFORMANCE SCHEDULE. The schedule of 15 minutes duration was the same
as that used by Reynolds and Back (1966) with one modification and one addition. In
addition to the "Dual Continuous Avoidance" and visual stimulus, an auditory stimulus
consisting of a 1 kHz tone was added. The subject was required to turn off the stimulus
by pressing the response key within 2 seconds (auditory response time, ART). Failure
to respond within the allotted time resulted in a shock of the same magnitude as for the
other tasks. Both auditory and visual stimuli were presented 30 seconds apart once
each minute. This permitted a minute by minute recording of visual response time
(VRT) and auditory response time (ART) as well as performance proficiency on the
dual continuous levers (left and right lever presses, LLP and RLP).

PROCEDURE. Five male and two 1emale adult monkeys (Macaca mulatta) weighing
between 5. 1 and 8. 0 kg were selected for this study. All monkeys had been trained on
the performancc tasks to peak proficiency over a period of several months. Prior to
any given exposure, the subject was placed in the exposure chamber and at least 6
fifteen minute work sessions were completed. A rest period of at least 15 minutes was
allowed between work sessions. If the subject appeared to be performing at a stable
level on all tasks, one 15 minute session was completed in which a minute by minute
breakout of performance on each task was recorded. After a fifteen minute rest period,
the chamber was purged with oxygen for 5 minutes which was sufficient to increase the

(1) Freon 1301, E. I. duPont de Nemours & Co., Wilmington, Delawaire.
(2) Perkin Elmer Corporation, Norwalk, Connecticut.
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oxygen concentration above 90%0. Upon completion of the oxygen purge, the oxygen was
turned off and freon exposure started. At this point the fifteen minute work session was
started with a minute by minute recording of performance.

CBrF 3 exposure was accomplished in the following steps. (1) Both the needle
valve and the shut off valve were opened to allow maximum flow of the freon into the
chamber. The time-concentration relationship for this maximum flow is presented in
figure 2. (2) When sufficient time had elapsed with a maximum flow, the shut-off
valve was closed and the needle valve turned back to a flow rate sufficient for main-
taining approximately the peak concentration attained. (3) After 4 minutes of exposure
at the peak concentration, the needle valve was closed and the oxygen purge started.
The oxygen flow was sufficient to return the CBrF 3 concentration to 170 or less in 1-5
minutes depending upon the end peak concentration of the freon.

(5j

Figure 2. THE CONCENTRATION OF CBrF 3 IN THE EXPOSURE CHAMBER
DURING MAXIMUM FLOW. Vertical lines represent the range.
Numbers in parenthesis represent the number of times each con-
centration was recorded.
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The chamber environment was sampled every 1.5 minutes for CBrF3 analysis

starting one minute after exposure was started. Oxygen partial pressures were re-
corded each minute after exposure was started. After the fifteen minute exposure work
session, the subject was rested for 15 minutes and another 15 minute work session
complated to determine any residual effects of exposure. No monkey was exposed to
the CBrFa more than once during any seven day period.

The 15 one minute baseline scores were paired with the 15 one minute exposure
scores for statistical evaluation of performance on each task. Differences between
the baseline and exposure scores were determined by Students t test at the 1% level
of significance.

RESULTS

A summary of the performance data is presented in table I. All subjects exhibited
a decrement in performance on at least one task at CBrF 3 concentrations of 20-25%.
In general, increasing the concentration of CBrF3 in each individual subject results in
loss of performance on an increasing number of tasks. An obvious exception to this
graded concentration-response relationship can be observed in subject No. 3. A per-
formance decrement on one of the continuous avoidance tasks (RLP) is seen at 22. 5-
25% CBrF 3 . Although performance decrements appear in the discrete avoidance tasks
at the higher concentrations, no more than one task shows a significant decrement at
any given concentration.

TABLE I

RESULTS OF CBrF3 EXPOSURE ON MONKEY PERFORMANCE

II'lk'41'l~I' OIL I••N
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Overall discrete avc.dance (DA) performance for each 15 minute work session
was obtalr.cd by combining the total auditory and visual response times. Simila, treat-
ment of right and left lever presses provided total continuous avoidance (CA) perfor-
mance for each session. The effect of increasing CBrF 3 concentrations on total CA
and DA for the entire group was then determined by pairing preexposure and exposure
work sessions. The mean total response times (DA) for the 7 monkeys increased sig-
nificantly at CBrF 3 concentrations from 20-30% and higher (figure 3). Although all
monkeys experienced a rjeriormance decrement on at least one contir,',ous avoidance task
(RLP or LLP) during exposure to the CBrF, as seen in table I, thd mean total continuous
avoidance (CA) performance for all the monkeys was not significantly altered (figure 4).

M EIPQSUR

to0-

C(7) C(7) (1t (T3

Figure 3. EFFECT OF CBrF30ON .MEAN TOTAL, RESPONSE TIME FOR A
iS-MINUTE WORK SESSION. Open bars represent mean pre-
exposure values and hatched bars represent exposure values.
I shaped bzirs represent standard error of the mean. Nvrnbers
in parenthesis indicate number of monkeys exposed in that con-
centration range.
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.1MI t0MX)401 >4O%

Figure 4. EFFECT OF CBrF, ON MEAN TOTAL LEVER PRESSES FOR A 15-
MINUTE WORK SESSION. Open bars represent mean preexposure
values and hatched bars represent exposure values. I shaped bars
represent standard error of the mean. Numbers in parenthesis :n-
dicate number of menkeys expo6ed in that concentration range.

At the higher concentrations, some of the subjects completely ceased performing
during the period of peak exposure. This was not accompanied by any visible depres-
sion as expected. On the contrary, the subjects were very alert. They attempted to
escape by trying to climb the cage walls or by holding on to the sampling tube suspended
from the top of the cage. Once the CBrF 3 conc•:,tration w2s reduced, they would im-
mediately return to the performance panel a-d -,tart working.

Recovery from the effects of CBrF 3 exposure was very rapid. All subjects re-
turned to normal levels of performance within 1-3 minutes after the freon concentration
was reduced to 5% or less. There was no significant decrement in perforr.,ince noted
in any of the fifteen minute work sessions immediately following the exposure period.

DISCUSS ION

The experimental design Lay have prevented demonstration of additional statisti-
cally significant decremen-.s in the continluous avoidance tasks (RLF and I.I.P) at the
intermediate and lo."er 'evels of CBrF,. The subjects available for :.'sting had been
trained on fifteen minute work sessions. The short exposure periods necessdrN for
observing the rate of recovery fr,::,-n exposure provideo relativel, fek data points during
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peak exposure. A major disadvantage of this design is evident in figure 5. The onset
of performance decrement to the point of complete impairment and the rapid recovery
are visibly related to the CBrF 3 concentration. Huwever, the subject's overcompen-
sation resulting in marked increased lever presses during the last 6 minutes of the
postexposure period preventec' the demonstration of a statistically significant decre-
ment for the entire 15 minute work session. Had the experiment been designed to
maintain a peak exposure for a longer duration of the 15 minute test period, it is quite
probable that performance decrement would have been observed in more continuous
avoidance tasks a& che intermediate and lower levels of exposure. This tendency to
overcompensate on the continuous avoidance tasks is also responsible for the apparent
discrepancy between the continuous avoidance data when analyzed individually (table I)
and when expressed as mean total lever presses (figure 4).

SUBJECT N05
•30 -

2 -o

141]

I0 I I_0 0

TIME - MINUTES

Figure 5. THE EFFECT OF 20-23%0 CBrF3 EXPOSURE ON THE NUMBER OF
LEFT LEVER PRESSES IN SUBJECT NUMBER 5. Preexposure work
session indicated by dotted line. Exposure work session represented
by solid line.

The absence of any outwardly visible signs of central nervous system depression
d.&:ring CBrF 3 exposure is of added importance. Even at concentrations high enough to
cause complete loss of ability to perform on any of the conditioned tasks, the subjects
still retained all faculties necessary to provide escape behavior. One subject succeeded
in escaping the shocks by standing on the small fan in the corner of the cage while hold-
ing on to the sampling tube. Almost immediately after the CBrF. concentration was
reduced, the subject resumed performing as before, although he eviaently could have
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maintained his escape position for the duration of the 15 minute session. His action
necessitated placing the fan under the shock grid. Attempts at various other less
successful methods of escape were seen in the other subjects.

Van Stee (1969b) observed that tactile and visual stimuli could alter the EEG
pattern in monkeys exposed to CBrF3 concentrations as high as 80o. Further investi-
gation by Chikos (1969), using brain implanted electrodes, indicates that CBrF 3 pro-
duced cortical depression with sparing of the reticular activating system. This would
permit alterations in performance without loss of consciousness. These observations
coupled with the results of this investigation suggest thai the impaihment in performance
caused by CBrF3 cannot be attributed to the sedation and analgesia characteristics of
such halogenated anesthetics as chloroform and halothane.
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DISCUSSION

MR. WANDS: Major, I'm not quite clear on the environment during the actual
exposure time. Was this a hundred percent oxygen plus CBrF3 ?

MAJOR CARTER (Aerospace Medical Research Laboratory): At the beginning,
there was an oxygen purge which brought the oxygen concentrations up to around 90%0.
Then we introducea the Freon where by necessity the Freon was replacing a certain
amount of the oxygen. To answer your question, we did monitor oxygen concentration,
oxygen partial pressures, which I didn't include. We did monitor the oxygen partial
pressures each minute and they never fell below 50%. Since these were quite short
exposure, this is one reason we didn't expose for a longer period of time, and if I
had to do it over again I'd make my exposure much longer, but CBrF 3 is expensive.

MR. WANDS: In a dynamic system you're pumping a lot out the stack.

MAJOR CARTER: Ye6, you see a lot of dollars going out.

MR. WANDS: It's interesting that the monkeys were aware of this material.

MAJOR CARTER: This is something that I did have to fight a little bit. We would
have one or two monkeys that would start expecting it, so in some of my previous runs
I would hook up air and go through the whole thing so they would not start guessing,
and when they hear the flow, they'd maybe start trying to get away from the shock.
So I would do this frequently enough to, hopefully, confuse them. Of course, if they
could smell it, that would be another thing and wc couldn't get away from that.

COLONEL BELL (AF Surgeon General Office): Could you relate the concentrations
and the times to the ability of CBrF3 to put out a fire in the oxygen environment?

MAJOR CARTER: We have the data from Mr. Botteri, and there are a large num-
ber of graphs, oxygen concentrations, CBrF3 concentrations and pressures. I believe
that it requires around 50%o CBrF 3 to put out a fire at one atmosphere oxygen.

MAJOR VAN STEE (AFIT, Ohio State University): That is right.

MAJOR CARTER: It is an effective agent, even more effective than water, on a
pound for pound basis.
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COLONEL BELL: As long as you don't let the fire get away from you at the start.

DR. COULSTON: This was the same question that I was going to ask. Let me
relate this now to air. What CBrF 3 concentrations would you have to use if you were going
to put out a fire in just ambient air?

MAJOR CARTER: It seems to be no problem. I think you can put out a fire in
ambient air at something around 670.

MR WANDS: Six percent is correct.

DR. COULSTON: Then I raise the question, did you do any studies below 2070?

MAJOR CARTER: Yes, sir.

DR. COULSTON: To know how much of a safety factor might be involved?

MAJOR CARTER: I wasn't testing for safety factor, as such. Once again, I'd
like to point out this is a very robust task. Now, according to my psychologist friends,
they say this is the type of task that right before you die you'll reach up and grab that
lever, so you could theoretically have a decrement even with lower concentrations
than this. I didn't answer your question.

DR. COULSTON: That's all right. That's close enough. I'm very intrigued.

MAJOR CARTER: We tested at levels around 15%0 on all the animals and got no
decrement using this task.

DR. COULSTON: I was very intrigued about your conclusions that this compound
is behaving differently than the halothane anesthetics. Do you care to expand on that
a little bit?

MAJOR CARTER: I will. This is true. This sttwdy doesn't suggest a mechanism
at all. I do suggest it is not the same mechanism as halothane, and Dr. Chikos, who
follows me, will expand on this.

DR. COULSTON: I see. Thank you very much,

CAPTAIN SCHWARTZ (Aerospace Medical Research Laboratory): I was wondering
about the decrement when you get about 4 or 5 of the tasks that have a decrement in
them. How does the performance of the animals, visually, look at this stage?

MAJOR CARTER: This is the area of which I'm speaking, when the subject will
really start trying to get away from the shock. I say it's getting away from the shock,
My psychologists say I can't say he's getting away from the shock, but he's obviously
doing something - racing around the cage, Lrý ;ng to grab ostc the walls, the levers,
anything else he can do. I think he knows that a shock is coming. I would.
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CAPTAIN SCHWARTZ: Would you say it would be an inebriation effect in the
beginning? This sounds as though he's either more hyper, more aware of what's
happening. Or is it stimulation rather than inebriation?

MAJOR CARTER: I wouldn't say it's stimulation, because if you just put an
animal in the cage in which he has nothing to do, lie doesn't jump up and race around
the cage. He just sits there, This is completely subjective, I realize, but I don't
think the gas itself is stimulating him to higher responses. This, of course, you
could test, I guess. If some of my psychologist friends will help me out, that you
could devise a test to determine if this is so, but this one sure doesn't--I wouldn't
w,:;,. to *.-ve that impression at all.

DR BACK: Dr. Hodge presented a paper last year that preceded this where he
presented the paper for Dr. Hine where this was done in humans. This was done in
ten humans, and they did have impending unconsciousness at 160. Two of his subjects
did, and the EKG was abnormal, et cetera, but they showed depression and man shows
simple depression. I don't think these monkeys do, not the thing you usually would see
with an anesthetic type agent, and there's no analgesia involved, obviously.

MAJOR CARTER: Well, this again brings up the question of how do you determine
if a human feels impending unconsciousness? Now, you can drink alcohol enough to
the point where you feel you're getting impending unconsciousness. So this is really
subjective, entirely dependent on the subject. It's possible you might be able to go
to higher concentrations and not operate. I would say this is quite true, and not
operate at all as far as any learned behavior, but really, it would be interesting to
see if he would become unconscious as we think of unconsciousness associated with
anesthesia. I don't know. This would suggest that he wouldn't.

MR. BIBLE: I wonder if you run corresponding performance or other tests on
CBrF 3 using air as well as oxygen, would you have a variation in these tests by using
smaller amounts of oxygen?

MAJOR CARTER: Well, true, you could. This is the reason we used the oxygen.
We were not testing the effect of hypoxia on performance. We were trying to test the
effect of the compound.

MR. BIBIE: On future spacecraft they may not use a hundred percent oxygen, they
may use oxygen, mixed with nitrogen or other inert gas. I wonder if they used this
Freon 113 what relationship you would have in performance with these environments?

MAJOR CARTER: I couldn't answer that, but remember that Dr. Hine's study
was done in air.

CAPTAIN TAYLOR (Aerospace Medical Research Laboratory): As a chemist, I
have to make one suggestion, not only about your paper but about other papers that are
given more or less strictly from a medical viewpoint searching for cause-effect rela-
tionship, and this coincides more or less with what Dr. MacFarland offered on the CO
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studies previously. It seems to me that it would enhance your study to a great degree
if you certified the purity of the Freon 113 at the beginning, and listed the analytical
method that was used - was it a well-worked out method, well-established? And
then remove any doubt. In other words, if I wanted to be cantankerous I would say,
"Well, are you measuring actually Freon 113, or are you measuring uEming a vapor
fractometer a contaminant?" In other words, the unexpected low levels at which you're
seeing your response would be enhanced if you backed it up by a very closely monitored
analytical procedure. I have sat through so many medical papers where they blitbely
skip over the fact that--well, we analyzed and this should suffice. Error could be
eliminated and the credence of the work would be enhanced, it se( ms to me, if j ust
a few more sentences were added along this line.

MAJOR CARTER: I feel the other way. I'm sure your point is well taken, ltat
when I listen to a talk I don't like to listen to a lot of routine facts. I assume that tne
investigator has satisfied himself of the purity and I assume that he has satisfied
himself that the test is accurate. Otherwise, he shouldn't be there.
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PAPER NO. 6

CENTRAL NERVOUS SYSTEM EFFECT.A OF BROMOTRIFLUOROMETHANE

Paul M. Chikoe, Jr., Captain, USAF, MC
Ethard W. Van Stee, Major, USAF, VC

and
Kenneth C. Back, Ph. D.

Aerospace Medical Research Laboratory
Wright-Patterson Air Force Base, Ohio

INTRODUCTION

The purpose of this study was to investigate the central nervous system effects of
bromotrifluoromethane (CBrFs) using electrophysiologiral methods and to compare
these results with exposure to halothane, a close chemical congener and general anes-
thetic agent. Carter (1969) demonstrated performance decrements in monkeys trained
on continuous and discrete avoidance performance tasks when exposed to 20-25%o CBrF 3
in oxygen. Van Stee and Back (1969) demonstrated that dogs exhibited excitement and
tremors at concentrations as low as 20 CBrF3 in oxygen and convulsions at concentra-
tions of 50(o CBrF3 and higher. These convulsions were blocked by thiopental anesthe-
sia. Hine et al (1968) further reported that at concentrations of 10% CB&r3 in air,
human volunteers showed decrements in perforrm ance.

Those subjects who had previously been exposed to general anesthetics or had con-
sumed moderate quantities of alcoholic beverages were familiar with the sensacions
produced. These subjects were described as being in the beginning stages of inebria-
tion. It was postulated by the authors that loss of consciousness would occur at 20 to
25% CBrF 3 .

This study was designed to evaluate the electrophysiological changes induced by
CBrF3 in an attempt to better understand the performance and subjective changes
reported.

This report contains two sections. The first deals with 'he electroencephaIographic
changes induced by CBrF 3 . The second deals with changes induced in the evoked cor-
tical responses.
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ELECTROENCEPHALOGRAPHY

Methods

Six adult beagle dogs weighing 6 to 10 kg and six adult monkeys (Macaca mularta)
weighing 2. 5 to 5 kg were uaed. Under thiamylal anesthesia (20 mg/kg), the animals
were tracheotomized and ventilated mechanically.' A polyethylene catheter was placed
in the femoral artery and blood pH was monitored and maintained within normal limits
by adjustment of the mechanical ventilator.

Bipolar electroencephalograms were recorded on a six-channel direct writing
oscillograph2 from stainless steel hypodermic needles inserted In the scalp over the
frontal, temporal, and occipital cortex (Caveness, 1962). The animals were immobilized
by the intermittent intravenous infusion of tubocurarine. Following recovery from
anesthesia a control record was obtained and the animals were exposed to 70-8070 CBrF3
in oxygen and 1% halothane in air for periods not exceeding one hour. Chemically pure
bromotrifluoromethanea and oxygen were metered from pressurized cylinders through
calibrated flowmeters into a polyethylene mixng bag and then administered to the ani-
mal through the respiratory pump. Halothane' was vaporized quantitatively5 in air and
administered through the pump. To test for EEG activation, the bell in a spring-wound
alarm clock was used as an auditory stimulus and a 100 watt incandescent lamp was
used as a photic stimulus.

Results

The EEGs obtained during the exposure were of greater amplitude and synchroni-
zation and were dominated by 6-9 cycle per second waves. CBrF 3 did not effect EEG
activation in response to photic and auditory stimulation. The results were qualita-
tively similar in dogs and monkeys although the voltage recorded from the dog's
scalp was smaller due to the thicker skull and more prominent overlying musculature.

The results are best illustrated with the following figures. Figure 1 illustrates
the induction of the CBrF 3 effect in a monkey. Increased amplitude and synchroniza-
tion appeared during the second minute of the exposure and became maximal during
the third minute. The preexposure EEG amplitude in the monkeys averaged 25-50 uV
and increased to a maximum of 150-175 pV during the CBrF3 exposure.

F7. Respiration Pump, Model 607, Harvard Apparatus Co., Inc., Dover, Massachusetts.
2. Polygraph. Model 5D, Grass Instrument Co., Quincy, Massachusetts.
3. Freon 1'91, E. I. duPont de Nemours and Co., New York, New York.
4. Halothane, U.S. P., Ayerst Laboratories, Inc., New York, New York.
5. Fluotec, Cyprane Ltd.. England. dist. by Fraser Sweatman, Inc., Buffalo, New York.
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Figure 1. MONKEY E87. THIS FIGURE REPRESENTS THE INDUCTION OF THE
CBrF 3 EFFECT. Beginning at the upper left are 0 minute (air), 1, 2,
3, 4, and 6 minute exposure to 7C% CBrF,. Abbreviations used in the
figures are frontal, F; temporal, T; occipital, 0: right, R; and left, L.
Positive is a downward deflection in all figures.

Figure 2 illustrates EEG activation by auditory stimulation. This animal was ex-
posed to 7q• CBrFs for 21 minutes and then stimulated. The presence of EEG activa-
tion, desynchronization, i.e., replacement of the slower, higher voltage waves by fast
low voltage activity; is correlated with behavior arousal. Following EEG activation,
the animal should be reactive to the environment.

Figure 3 illustrates EEG activation by phocic stimulapion. The animal was exposed
to &q CBrF3 for 19 minutes and then stimulated. There was desynchroeization of the
EEG in response to turning the light both on and off.

Figure 4 contrasts the EEG effects of 7C%, CBrFs, 100% 0,, and 1% halothane in
the same monkey. Each exposure was for 60 minutes. Halothane produced a delta
wave pattern characteristic of sleep or anesthesia (Martin et al 1959). During halo-
thane exposure, auditory, photic or nociceptive stimuli failed to produce EEG activation.

The EEG pattern produced by CBrF, could •e the result of cortical and :'or thalamic
deprcssion since the reticular activating system is not significantly depressed.
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Figure 2. MON•KEY E91 WAS EXPOSED TO 70• CBrF3 IN OXYGEN FOR 21 MIN-
UTES AND PRESENTED WITH AN AUDITORY STIMULUS. The heavy
line indicates "stimulus on". Recordings are continuous except for a
5 second interval deleted to compress the illustration.I.I

Figure 3. MONKEY E91 WAS EXPOSED TO 8070 CBrF. IN OXYGEN FOR 19 MIN-

UTES AND THEN CHALLENGED WITH A PHOTIC STIMULUS. The
heavy line indicates "light on". A 9 second interval is deleted to com-
press the record.
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Figure 4. MONKEY E95. THIS ANIMAL WAS EXPOSED TO 7070 CBrF3 AND 1%
HALOTHANE FOR 60 MINUTES. These recordings were made after
a 20 minute exposure. CBrF3 is on the left; 1% halothane on the right.
A comparable air-breathing control is illustrated in the center.

EVOKED CORTICAL RESPONSES

Methods

To evaluate cortical depression, evoked cortical responses were studied in nine
adult monkeys weighing 2. 5 to 3. 2 kg. Allobarbital8 (diallylbarbituric acid, 100 mg/ml)
was administered intravenously in a dose ranging from 0. 45 to 0. 9 ml/kg. Atropine
(0. 2 mg/kg) was given subcutaneously to control bronchial secretions. Tracheotomies
were performed on all animals and they were fitted with a unidirectional valve that per-
mittea inspiration from a reservoir bag and expiration into room air. The animals were
permitted to breathe spontaneously.

Polyethylene catheters were placed in the femoral artery for measurement of arter-
ial pressure using strain gauge transducers.' Standard Lead II EKG and tachographs
were recorded from subcutaneous needle electrodes. The sciatic nerve was exposed
and two silver wire electrodes were placed for stimulation. The monkey was immobi-
lized in a stereotaxic instrument.u A portion of the skull and dura were removed over
the frontal, parietal and occipital areas. A bipolar EEG was recorded from the cor-

6. Dial with Urethane, CIBA Pharmaceutical Co., Summit, New Jersey.
7. Strain Gauge Transducer, Model P23AA, Statham Laboratories, Inc., Hato Rev,

Puerto Rico.
8. Stereotaxis Apparatus, Model "U", Baltimore Instrument Co.*, Inc., Baltimore,

Maryland.
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ticai surface in the frontal area with 2 siver wire bail-tipped (0. 5 mm diameter)
electrodes approximately 2-3 mm apart.

A silver wire ball-tipped electrode was placed on the postcentral gyrus for
recording the primary cortical response. Two stimulating and one recording silver
wire ball-tipped electrodes were placed on the occipital cortex for evaluating the direct
cortical response. -l be stimulating electrodes were 1-2 mm apart, and the recording
electrode was 3-4 mm from the stimulating pair. Five successive sweeps of the oscil-
loscope were photographed with a 90 millisecond delay between onset of sweep and
stimulus application.

Both cortical responses were monopolar recordings. The indifferent electrode
waa a stainless steel screw placed in the frontal sinus. Both cortical responses were
photographed from the screen of a cathode ray oscilloscope 9 equipped with a lcw level
differential amplifier. A constant-current stimulator1 0 with a positive square wave
was used to evoke the cortical responses. Arterial blood pressure, EKG, tachograph
and EEG were recorded on a 4 channel direct writing oscillograph. 2

Figure 5 illustrates the normal pathway and primary cortical response (under
barbiturate anesthesia). The sensory nerves in the sciatic nerve are stimulated by a
constant current square wave with a frequency of 0. 25 cps, 0. 5 milliampere current,
and I millisecond in duration. The nerve impulses are carried in the primary con-
duction pathways to the thalamus. This sensory information is then projected to the
cerebral cortex and may involve 3-4 orders of neurons (Ganong, 1965).

From the cortical surface, a positive-negative wave is recorded. The positive
wave is thought to be the summation of the depolarizations of sensory terminals in
the lower layers of the cortex. The negative wave is thought to represent depolariza-
tion of apical dendrites ascending from the depths to the surface of the cortex (Lt et
al. 1956). Cortical depression is represented by a decrease in one or both component
waves, the negative wave being the more sensitive.

Figure 6 illustrates the mechanism of productiqe and appearance of the direct
cortical response under barbiturate anesthesia (Li et al, 1962). The cortical surface
was stimulated with a positive square wave of 0. 09 msec duration, 10 milliamperes
strength, with a frequency of 0. 25 cycles per seco.id. "'his stimulation produced de-
polarization of axons in the molecular layer. This in turn produced dendritic potentials
in the pyramidal cells which are recorded from the surface as a negative wave.

The origin of the second negative wave remains obscure. However, cortical de-
pression is manifest by depression of one or both waves, the second wave being more
sensitive.

9.7-sc-ioscope, Type 532, Tektronix, Inc., Portland, Oregon.
10. Coastant-Current Stimulator, Model 7150, Nuclear-Chicago Corporation, Des

P8aines, Illinois.
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Figure 5. MONKEY J-96 UNDER BARBITURATE ANESTHESIA BREATHING AIR.
The photographs of the evoked responses represent 5 successive sweeps
of the oscilloscope beam with a 40 millisecond delay between onset of
the sweep and application of the stimulus. Positive is a downward de-
flection in all figures. This drawing illustrates the pathway involved
in generating the primary cortical response.

-- -- F r .._lI.

I. ,.n.. .mI;fl

Figure 6. MONKEY K-30 UNDER BARBITURATE ANESTHESIA BREATHING AIR.
The photograph represents the typical direct cortical response. The
drawing illustrates the pathway involved.
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After a 30-minute air breathing control period, CBrF8 wps administered at con-
centrations of 20 to 807o in oxygen for periods of 10 to 30 minutes. One percent halo-
thane in air was administered for 20 to 30 minute periods. Arterial blood gases were
monitored before, during, and after the exposure. However, no attempt was made to
correct acidosis or hypoxia if present.

Resuits

Figure 7 illustrates the EEG and cardiovascular effects of a 30 minute exposure
to 600 CBrF 3 in oxygen and 1%T halothane in air in the same animal undc. barbiturate
anesthesia. Both agents have significant depressant effects on the cardiovascular
system with brachycardia and hypotension. However, the EEG (under barbiturate
anesthesia) is unchanged with CBrF 3 while 1% halothane resulted in total suppression.
The suppression of spontaneous EEG activity is a property of anesthetic agents in
large doses (Martia et al, 1959). There was no hypoxia, acidosis or hypercarbia
present during either exposure.

Figure 7. MONKEY H-29 UNDER BARBITURATE-ANESTHESIA. The top three
segments from left to right represent air breathing control, 30 min-
utes exposure to 60% CBrF3 in oxygen, and 60 minutes after the ex-
posure ended. The bottom three segments from left to right represent
the air breathing control 60 minutes after the CBrF 3 exposure was
concluded, 30 minutes exposure to 1% halotbane in air, and 60 min-
utes after the exposure ended. The irregularities in the tachograph
are artifactual. The electrocorticogram is a bipolar recording from
the cortical surface of the frontal lobe.

38



AMRL-TR-69-130

Figure 8 illustrates depression of both the direct and primary cortical responses
by 1% halothane in air. At 30 minutes, the rcEponses are approaching the stimulus
artifact baseline. These findings are consistanx with cortical depression.

Figure 8. MONKEY H-29 UNDER BARBITURATE ANESTHESIA. This series of
photographs illustrates the effect of a 30 minute exposure to 1% halo-
thane in air on the evoked responses followed by a 30 minute recovery
period.

Figure 9 illustrates the depression of both the direct and primary cortical responses
by a 10 minute exposure to 60?o CBrF 8 . The effects of CBrF 3 are less striking than
those observed with halothane. There is flattening of the second wave of the direct
cortical response and a decrease in all components of the primary cortical responses.

Similar results were seen in all animals. When the initial depth of anesthesia
was sufficient to cause significant respiratory depression, (respiratory acidosis) and
hypotension, 60 to 80% CBrF 3 produced profound hypotension and hypoxia, and the
cortical responses and EEG resembled halothane. This probably represented the
effects of hypoxia and hypotension rather than CBrF 3 .

When hypoxia and extreme hypotension were not produced, 20, 40, and 60o CBrF 3
produced increasing levels of depression of the primary and direct cortical responses.
The maximum effect can be seen in figure 9.
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Figure 9. MONKEY H-41 UNDER BARBITURATE ANESTHESIA. This sequence
of photographs illustrates the effect of a 10 minute exposure to 6097
CBrF3 in oxygen on the evoked responses followed by a 30 minute
recovery period.

A 10 minute exposure was sufficient to produce the effect, but 20-30 minute ex-
posures resulted in greater decreases in the evoked responses.

CONGCLUS IONS

The data presented support the hypothesis that CBrF3 produces cortical depreesion
with relative sparing of the reticular activating system, permitting alterations in per-
formance without loss of consciousness. It is possible that a component of thalamic
depression is also present contributing to EEG slowing and decreased amplitude of the
primary cortical response. Further experiments are necessary to e~valuate this hypo-
thesis.

90



AMRL-TR-69-130

REFERENCES

1. Carter, V. L.; Personal Communication; Wright-Patterson Air Force Base, Ohio,
1969.

2. Caveness, W. F.; Atlas of Encephalography in the Developirg Monkey; Addison-
Wesley Publishing Company, Reading, Massachusetts, 1962.

3. Ganong, W. F.; "Cutaneous, Deep, and Visceral S.nsation"; Review of Medical
Physiology, pp 77-85, 2nd Edition, Lange Medicc1 Publications, Los Altos,
California, 1965.

4. Hine, C. H., et al; "Clinical Toxicologic Studies on Freon, FE 1301 "; AMRL-TR-
68-175, Hine Laboratories, Inc., San Francisco, California, 1968.

5. Li, C. -L.and S. L. Chou; "Cortical Intracellular Synaptic Potentials and Direct
Cortical Stimulation"; J. Cellular aitJ Coiliparat. Physiol., 60:1-16, 1962.

6. Li, C. -L., C. Cullen, and H. H. Jasper* "Laminar Microelectrode Studies of
Specific Somatosensory Cortical Potentials"; J. Neurcphysiol., 19:111-130, 1956.

7. Martin, J. T., A. Faulconer, Jr., and R. G. Bickfora; "Electroencephalography in
Anesthesiology"; Anesthesiolrf., 20:359-376, 1959.

8. Van Stee, E. W. and K. C. Back; "Short-Term Inhalation Exposure to Bromotri-
fluoromethane"; Toxicol. and Appl. Pharm., 15:164-174, 1969.

91



AMRL-TR-69-130

DISCUSSION

DR. COULSTON: What would happen, Just for instance, if you did these similar
experiments with indwelling catheters, etc., on intact, unanesthetized animals? Do
you think you'd get the same data?

CAPTAIN CHIKOS (Aerospace Medical Research Laboratory): Unfortunately, you
can't do the direct and primary cortical responses in unanesthetized animals because
it requires cortical depression and idling population of cells to generate them, so
that what you have to do, if you're going to investigate this sort of thing, would be to
have chronic indwelling extracellular or intracellular electrodes and measure the
activity from the individual cell. At this point in time it should be done. However,
it requires expensive equipment and quite a degree of sophistication by the investiga-
tors. We are contemplating this at this point. We may let some other national facility
do it.

DR. COULSTON: It should be done.

CAPTAIN CHIKOS: It should be done. I agree, but I don't think we have the capa-
bility at this time to do it.

DR. HODGE: Is that the same question as what is the barbiturate effect on the
reticular activating system in your experiment? Is that the same as Dr. Coulston's
question?

CAPTAIN CHIKOS: I'm not sure. I might say that with barbiturates, the reticular
activating system is indeed depressed. However, when it is done in air or oxygen,
the reticular activating system seems to be very functional up to 80% CBrFs -- the
point being that either halotha te or barbiturate anesthesia knock out the reticular
activating system and allows one to study the cortical activity, per se, without these
interfering influences, and we established this protocol in an attempt to study the
cortical activity.

MR. WANDS: I think it's important to recall from last year, Dr. Hine's work,
presented by Dr. Hodge, that humans exposed did not show truly aberrant behavior
in the rarnge between 10 and 15% CBrF3 in air. They had sensations of slight inebria-
tion, ultimately impending sense of blackout, but during the entire period of exposure,
they were able to perform assigned tasks, could take direction, leadership, et cetera,
that was given to them, without any evidence of any aberrant behavior.
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CAPTAIN CHIKOS: Right. I stand corrected. That's what the paper stated. I
was thinking in terms of Dr. Carter's animals that were getting up and crawling
around all over the cage. That was directed more in that line than towards the people.

MR. WANDS: Perhaps humans are more inclined to behave themselves even when
drunk.

DR. HODGE: I noticed in the post recovery record of the CBrF3 heart, that there
seemed to be a variation in rhythm.

CAPTAIN CHIKOS: Unfortunately, chat was a variation in the sensitivity of the
tachograph. The monkey EKG is very small, voltage-wise, and the sensitivity knob
on the tachograph sometimes goes out of order and we sometimes get a fluctuation
in the tachograph record. However, look at the blood pressure, nice and regular,
saying no change in rate.

DR. THOMAS (Aerospace Medical Research Laboratory): I just want to recall
from last year's conference report that we have seen spontaneous arrhythmias, A -V
blocks, spontaneous fibrillation, with this compound in dogs. Now, the old question,
of course, in using a compound like this is what risks you want to take? Do you want
to get fried? Are you going to take a chance of passing out for a short time? or, if
you have time to grab an oxygen mask, you won't have any troubles. It's the best
compound we have for putting out fires in oxygen atmospheres, so we are back to the
old point of trade-offs. The recovery is so fast that, really, if you can put out that
fire before it really gets started and you can go on oxygen quickly, after that you can
dump the atmosphere and repressurize. It's between making or breaking the mission.
So, it's not a nice compound but it does the job.

DR. HODGE: I suppose the solubility of this compound in blood is extremely low,

is that true?

MR. WANDS. It seems to wash out very rapidly.

DR. BACK: Dr. Kaplan is studying that area.

LT. COLONEL KAPLAN (Aerospace Medical Research Laboratory): It is very
insoluble In water and blood and we did some tissue studies of brain and heart CBrF 3
content after exposure. During the first minute postexposure, approximately 95%
of the CBrF 3 was eliminated from the blood, brain, and heart tissue- -a very marked
falloff of CBrF3.

DR. BACK: That's another paper next year.

MR. WANDS: Ninety-five percent of how much? What's the actual value?

LT. COLONEL KAPLAN: I believe it was in the neighborhood of 300 micrograms
per gram of tissue.
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MR. ,NDrw,,:',o m , exposure concentratios?

LT. COLONEL KAPLAN: Eighty percent CBrF 3 , anywhere from 5 to 30 minutes.

DR. HODGE: Thank you very much, Captain Chikos. Now, we have a brief per-
iod for general discussion on any of the papers or any discussions that anyone wants
to bring up at this time. Is there someone who didn't get his question in a little while
ago who'd like to raise it now? I would like to ask for one point of ýxplanation. Can
someone tell me the difference between the time interval estimation in this carbon
monoxide study and the method used by Beard?

DR. MIKULKA: It was essentially identical. The procedure lasted for three
minutes and the subject didn't know how long it was working. He was told to go and
estimate ten second periods without external or audio cues. In our study he pressed
the lever at what he thoutht were 10 second intervals and that was electronically re-
corded. After the first estimate outside of three minutes, he was told to stop. He
never knew how to gauge estimations. We patterned this almost identically after
Beard's work.

DR. HODGE: i'm sorry, I'm not quite with you. What was the stimulus? Wnere
did the time estimation start? Did the man listen to a beep or clock tick?

DR. MIKULKA: No, it was voice command to the subject to start time estimation
trial. In each testing interval the subject had five tracking tasks, about a minute
per shot on a control stick, and then went to time estimation back to tracking, and
it took 15 minutes for the whole block of time. After tracking was finished, he rested
a few seconds and then I said, "All right, on my signal, you must start time estimation",
and then I'd give zhem GO. He then started, however he did it, to estimate ten seconds,
and then tapped a switch with the right hand and started to estimate ten seconds again.
So, after my ii.itial signal, it was self-repeating on his own signal. After he did the
first one past the three minutes we said, "Okay, stop". The data was the mean-time
averaged fo" all those intervals. i hope that clarifies it.

DR. Fi)DGE: Thank you.

LT. COLONEL STEINBERG: In dumping this Freon into the cabin atmosphere--
this has nothing to do with the pharmacology or physiology involved, but the mechanics, --
is there any system that's been fixed on yet? Is it a light sensing system? Have you
found any one system to be better than any others, or haven't you decided on a system
yet?

DR. BACK: There are pros and cons as to how,- -whether you want to dump it
automatically or not, so that some people think that the piiot ought to be the actuating
device in an aircraft or in a close en%ironment, and the other way is to do it by !U'V
sensors and that will dump it in a matter of 20 milliseconds. Now, ýou've got all
kinds of problems, depending on use. If you're talking .',-out a 747, which the FAA was
interested in equipping with CBrF,, ycu can imagine that if they dump the wholk con-
tents to rcah a o." concentration in the enire cJbin and it's done 'rom the periphcrN
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of the 747 cabin, obviously, the guy over there on the side would be getting maybe
a hundred percent in his face, wlile the guy out here on the aisle seats wouldn't be
getting a fraction of that for some nmilliseconds. So you would have a total gradation
of a hundred percent on the sides to 70 in the middle of the room.

MR. WANDS: Extending over what period of time?

DR. BACK: Well, extending over the period of time th-at it takes to deliver it
and the time it mixes with the cabin air. If you're in a crash situation, how long does
it take to break apart? I don't know. Of course, this could have been lifesaving, for
instance, in the 727 crash at Utah, because these people weren't all killed by the
impact. Most of the people died from fire and smoke after the impact. Some of them
were out of their seats, as a matter of fact, and could not get out. The matter of
how you do it is depending on what the situation is. Some people think, especially in
space cabins or in aircraft, that the pilot ought to activate the system because you're
worried about false alarms from the sensors. We had this problem with water. Some
of my sergeants will attest to that. They were deluged with 350 gallons of water in
20 seconds. In. fact, Colonel Kaplan and Captain Chikos here, they're pioneers in this.
They actuated the system in the dome inadvertently in one instance by a UV light source
which they thought was a flashlight, but, it was a device for testing the UV sensors
built in a flashlight case.

LT. COLONEL KAPLAN: There are some other systems too.

DR. BACK: There are other systems, smoke sensors. This is an arep which
the people in Ground Safety, Ground Support, are working on at Wright-Pat ani other
places. I can't give you all the details, but they're locking at all the sensors - smoke,
flame, spark, even temperature.

I DR. THMi',S: There's only one problem with automatic triggering. In aircraft,
t the no smoking signs must be on aHl the time. In aircraft, you know, you don't have
Sthe problem of oxygen rich environment and I think there's plenty of time for the pilot

to punch a button. In spacecraft it's a decision we'll have to face.

DR. BACK: Fhe pilot is a far distance from where the fire may be in the 747
All I'm saying, the alarm is an easy way out in the engine nacelle or someplace like
that, but it sure is a devil of a tough problem when you get back with thaz cast of hun-
dreds rf passengers.

DR. THOMAS: Maybe temperature sensors wouldn't b1 so bad. reall\, ,lacc-j
across the cabin to sense hot spots.

DR. HODGE: Mr. Wands says it's maybe a paacea in a crash situation.

CAP-TAIN SCtIWART7: Dr. Back. Vou're going to beý using btehvior,-!, s'stcrns
for testing environments with rinonke~s in the future, I'm sure. It scems that ',oo r-
under fire from the psychohoisgs saving that under threat oi death in th-e las.t breath.
they're going to pull this lever. I am not sure that it is beca:usc the' get thus response
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or M...y w i%, 45 uLVO A0 IV bLALrl Wffl, shmU!•L or no shock. IL
there any way to calibrate the system so that you know significant responses and you
know that your compounds are doing something to them?

DR. BACK: Well, it's pretty obvious that we're using a very robust situation
here, as Major Carter indicated. It's obvious, though, the CO animals are still
responding where the CBrF 3 animals were not responding to the same sort of task
stimulus, so it is very robust, agreed, but it's the only thing we had at the moment.
Now, we recognize full well that we need something very much more sensitive and we
are working on that right now- -Dr. Carter went down to Arizona State University to
test a new system. We think we have a much more meaningful task now, a more sen-
sitive task, in which the animals are given a time out and time in period, and they are
still negatively reinforced. In other words, we are still using shocks because I'm
always worried toxicologically about loss of appetite in a positive reinforcement sit-
uation. After all, if you take an animal's appetite away, he's not going to perform
just to get food, so you're always going to get a depression of effort from a compound
which does work against appetite. So we still are keeping with the negative reinforce-
ment. But it looks like this test with the time in and time out interval, where the
animal is given a start cue, aad he's got, say, from the third to the fourth minute
with time out. On the fourth minute he starts working, and he must keep working at
an increasingly rapid rate until the last 3/10 of a second or he is given a shock if he
isn't pressing at that last 3/10 second. This has been tested out with decaborane, as
a matter of fact, and it looks like a number of things can be gleaned from this. Number
one, the animal may be so confused that he works in the time out area, from the third
to the fourth minute. He's pressing levers and he doesn't have to. And then the other
thing is the latency with which he starts to work after the fourth minute, and then the
rapidity with which he goes towards his final goal which is the last 3/10 of a second.
Now, that last 3/10 of a second can be changed as the compound dictates, and I think
this is going to be a much more meaningful way of doing it. We're still going to have
some discrete avoidance tasks piled in on top of this, but this looks very, very sensi-
tive, and it has a time estimation in it which everybody looks at as being one of the
important criterion for toxicological study.

MAJOR CARTER: There are disadvantages to the type of task we're using, and
the one Dr. Back is talking about has an advantage. When I am exposing the animal, --
let's say he misses the auditory cue, he gets a shock. He doesn't know exactly why
he gets the shock so he just starts beating heck out of the lever. You know, he just
presses that lever and he misses the next one, and he presses it that much harder.
So, really, over the entire ) 5 mirute period, when you superimpose results one on
top of the other as we did here, it confuses the issue. I think if I did it over again,
I'd only have maybe auditory and visual, present it once every 30 seconds, and so
forth; whereas, the new task Dr. Back talked about, the animal only gets one shock
regardless, so you can determine performance over this entire period without the
animal getting reinforce right in 'he middle and confusing the whole issue.
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PAPER NO. 7

DESIGN AND CONSTRUCTION OF A SECOND GENERATION

ALTITUDE EXPOSURE FAC!LITY

Anthony A. Thomas, M.D.

Aerospace Medical Research Laboratory
Wright-Patterson Air Force Base, Ohio

Since this presentation consisted primarily of orienting the group on the new
altitude facility prior to the tour, no formal paper was prepared by the author.

The essence of the presentation was the explanation of the functions which can be
accomplished by the interconnecting airlock pictured diagrammatically below.

INTERCONNECTING AIRLOCK - THOMAS DOMES, LOWER LEXTI.
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The main purpose for the large airlock, approximately the same size as a dome,
is to enable investigators to carry out physiological measurements, surgical prepara-
tions for pharmacological procedures, biopsy and necropsy procedures, and pulmonary
and cardiovascular function measurements on animals expised in any of the four domes
without change in such important environmental parameters as altitude, gaseous com-
position of the artificial atmosphere, contaminant concentration, etc.

It also allows sequential cross exposures to various contaminants because animals
can be moved from one dome to another without ever being repressurized to ambient
atmosphere.

Another potential use is for shcrt tecrm human volunteer exposures which do not
interfere with dome operations since the individual airlocks can still be used indepen-
dently,' for access to each dome.

This new capability will play an essential role in eliminating the potential for arti-
fact formation in the morphological and ultra structural investigation of lung changes
observed in long term studies with pure oxygen and mixed gas atmospheres because
the necropsy and lung fixation for morphometric studies now can be accomplished in
the actual atmosphere and at the same total pressure to which the animals were ex-
posed.

The presentation was followed by a tour of the new altitude and laborator, facilities
of the Toxic Hazards Division.
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PAPER NO, 3

!NHALATION TOXICITY OF ETHYLENE GLYCOL

Elliott S. Harris, Ph. D.

National Aeronautics and Space Administration
Houston, Texas

INTRODUCTION

This paper is an informal progress report covering a two year study of the toxi-
cology of ethylene glycol. In August 1967 it became evident there would be a number
of places within the Apollo spacecraft where an ethylene glycol leak could occur. Be-
cause of its low vapor pressure and maximum 8 hour continuous exposure, ethylene
glycol was not considered an industrial toxic hazard by the inhalation route. However,
there was a dearth of information on continuous inhalation exposures of the type which
might occur in the spacecraft. Further, satisfactory methods for the determination
of airborne ethylene glycol were nonexistent. A two-fold problem existed.

1. To gain information on the long term toxicity of ethylene glycol with respect
to humans.

2. To find an adequate method of detection and determination of glycol.
Neither gas chromacograph nor colorimetric methods were suitable for the confines of
a spacecraft.

Toxicology of Ethylene Glyco

Before humans could be exposed co ethylene glycol vapors, it was essential to
obtain background information on inhalation toxicology of ethylene glycol. Etbylene
glycol ingestion 4nitial!y results in CNS depression, and acutely, death results from
respiratory paralysis. The cause of death from chronic ethylene glycol was renal
failure, apparently the result of oxalate deposition in the kidney.

Our initial studies consisted of the exposure of rats, rabbits, mice, beagle dogs,
guinea pigs, and monkeys in an oxygen atmosphere at 5 psia saturated with ethylene
glycol. Twenty-one days of exposure produced no discernable responses. Concurrently,
a gro, p of trained Rhes-ip monkeys was exposed to the same atmosphere. Over a per-
iod of three weeks no changes in their avoidance response behavior were observed.

99



AMRL -TR-69-130

In an orderly progressive study, it was essential to examine both sensitive be-
havioral parameters and the metabolism of glycol in a variety of species before going
to human exposures. In a collaborative effort by the 6571st AMRL at Holloman AF3,
Baylor University, and the Institute for Experimental Toxicology and Pathology at
Albany Medical College, chimpanzees, baboons, and a variety of lower animals were
studied both from the metabolic and the behavioral aspects. A psychological test
system for chimpanzees was designed at Holloman AFB, the results of which are re-
ported in a separate paper by Captain Felts. However, there were no behavioral
changes noted.

Chimpanzees were inj ected with ethylene glycol and the metabolism of ethylene
glycol followed. Ethylene glycol may be oxidized to glycolaldehyde, thence to glycolic
acid, glyoxylate, and oxalate. This is the pathway that leads to oxalate crystal depo-
sition. The glyoxylic acid may also go to glycine by transamination and ultimately to
carbon dioxide.

Ethylene glycol was given to a number of animals p os and by intravenous injec-
tion. The baboon excreted the majcr portion of the administered glycol unchanged.
A small amount of oxalate was found. Rats given 1 ml/kg of 14 C ethylene glycol e
os excreted virtually no oxalate. The major portion of the material was excretedFun-
EZ-anged as glycol. The Rhesus monkey excreted approximately 80 percent of ethylene
glycol unchanged in 24 hours. However, 18 to 20 percent of the material was excreted
as oxalate and a trace of glycolaldehyde was detectable. Approximately 60 to 75 per-
cent of the isotope was accounted for.

A major portion of the material found in the urine after intravenous administration
to the chimpanzee appeared in the urine as oxalate. A small quantity appeared as un-
changed ethylene glycol. Approximately 75 percent of the radioactivity in the urine of
the chimpanzee was in the oxalate. Other animals excreted 70 to 75 percent as Un-
changed glycol. It was apparent, therefore, that the chimpanzee metabolized ethylene
glycol differently from the Rhesus, rat, or baboon.

Tissue distribution of ethylene, glycol was studied in the monkey. The cerebrum,
cerebellum, heart, kidneys, lungs, liver, and spleen levels were close to serum
levels and indicated a distribution in the tissues by a rapid and even distribution of
ethylene glycol through the body water. Pancreas and ileum levels were higher than
other organs. There is no explanation for the high pancreas level, but the high ileum
level was most probably due to slow absorption.

A group of monkeys were exposed to an aerosol exposure of 500 mg per cubic
meter for a period up to 30 weeks. Of these animals, six died of typical chronic
ethylene glycol symptoms. Two survivors were retained for a period of 30 weeks.
Neither exhibited overt symptomatology for two days. Those that died exhibitec im-
pacted intestines, oxalate crystals in the kidneys, and a deposition of oxalate crystals
in the lungs. As observed previcusly, ethylene glycol was fairly evenly distributed in
the tissues and organs--the level in body water running about 1 to 1. 25 that of the serum.
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During the course of the exposure an increase in blood creatinine was observed.
BUN increased as much as 10 fold before the animal became moribund.

With the background of experience that was obtained, it was thought that we could
proceed cautiously to human exposures. A group of male volunteers 20 to 30 years of
age was exposed to aerosolized ethylene glycol for periods up to 28 days. Blood chem-
istries were followed and the excretion of urea and creatinine carefully observed.
Simultaneously, a group of psychomotor and a battery of psychological tests were
performed. Psychiatric evaluations were made to detect personality changes. As a
result of these human exposures an organoleptic technique was developed for the de-
tection of ethylene glycol. Volunteers exposed to 25 ppm were completely oblivious
to the presence of ethylene glycol. Blood levels of ethylene glycol were not significantly
above preexposure blank levels. The psychological, psychomotor, and psychiatric
tests showed no changes. As part of the protocol, levels were run "'0 to 50 ppm for
short periods of time. Although ethylene glycol has no odor, it does have a very dis-
tinct taste. At 50 ppm, the subjects, unaware that the level had been raised, began
to taste its sweetness and experienced an irritation in the pharyngeal area. When the
ethylene glycol was raised, without their knowledge, to 75 ppm, several were awakened
out of their sleep. They could not tolerate the exposure.

Although these subjects could not be exposed to higher levels of ethylene glycol
continuously because of the tvste and irritation, no observable changes took place
when the level was below that of organoleptic detection. Thus a built-in detection
system was found which obviated the need for further toxicological evaluations in men.
The problem became an operational one rather than a toxicological one.

Each astronaut is exposed to ethylene glycol fumes and aerosol prior to launch.
He learns the distinctive taste and pharyngeal response. If in flight the crew cannot
detect glycol, no problem exists. If they do detect glycol they are to don their space-
suits and isolate themselves from the cabin atmosphere. The mission may then con-
tinue with no concern over ethylene glycol toxicity.
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DISCUSSION

MR. VERNOT (SysteMed Corporation): Even though ethylene glycol has a fairly
low vapor pressure, saturation vapor pressure at room temperature gives concentra-
tions of over 200 parts per million, and unless this was a very short acting experiment--
What I mean "s that the people or the animals breathed the vapor rather quickly after
the aerosol was formed, -- it's hard for me to see that the aerosol could exist for any
time. It should vaporize if you have 50 to 100 parts per million concentration.

DR. HARRIS (NASA, Houston): Although the vapor pressure is low, as a matter
of fact this is one reason why you're going to maintain an aerosol. The level is unpre-
dictable in terms of what we're going to get out of the cooling system in th spacecraft
and so what we're looking for is a level which is detectable. This is what v,•'re con-
cerned with. Now, we've got, I believe, something like 9 pounds of ethylene glycol in
that system and with a pinpoint leak, you can maintain an ethylene glycol atmosphere
in a spacecraft for a long period of time.

MR. VERNOT: What I don't understand is the fact that you could get a stable
aerosol at 50 to 100 parts per million of ethylene glycol. It should go into the vapor
form.

DR. HARRIS: Immediately after it's released by pinpoint leaks it is an aerosol,
yes. Then it goes into the vapor phase. I'm not sure I quite get what you're driving
at.

MR. VERNOT: Well, it's just that if you measure your concentration of 50 to 100
parts per million, you should have a vapor, not an aerosol, unless--

DR. HARRIS: You've got continuous introduction.

FROM THE FLOOR: How many human subjects were used? Could you give us a
brief description? Were they male or female?

DR. HARRIS: I think the best man to answer the question is Dr. Coulston.

DR. COULSTON: Actually, to answer the question that's been raised just pre-
viously, the aerosol is put into the exposure room through five jets tinder a continuous
air pressure varied between 40 and 60 pounds per square inch so that we had a con-
siderable pressure, and believe me, when you get above 50 parts per million, the
room is nothing but a fog. We measured this continuously at five stations within the
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room throughout the experiment at least three or four times a day, so we had a pretty
good idea of the distribution within the room. In the total experiment we did two
phases. One phase was a pilot run to make sure all the systems were go, as you
people say, and furthermore, to protect ourselves against any unforeseen hazard, so
a few men, four men, plus a control group, were run for a period of approximately
a week, and then the total group of approximately 34 men were put on the test. The
controls were in another part of the building, and the actkial experimental group was
28, 1 believe. Now, these men were followed continuously throughout the exposure.
I think Dr. Harris has given an adequate account, very complete account of the experi-
ments as they were done.

DR. HODGE: This is 24 hour a day exposure?

DR. COULSTON: The men actually were on the test approximately 22 hours a day.
They were allowed to go out of the room particularly on Sundays when they may have
had some visitors, but sometimes it was as high as 23 hours a day in the room. You
can't do it continuously; you got to give the men a chance to do something else. So
they took their meals outside the room, you see, and that's what accoutits for the time.

DR. THOMAS: My question is, this fog you noticed, this is a visible fog at 50
ppm. What was the relative humidity in the room, if--Suppose you put ethylene glycol
in water to vaporize it?

DR. COULSTON: We studied the humidity but not in any great detail. We had a
bar humidigraph in the room as well as a temperature bar graph. When the fog was
visible throughout the room, I should say the aerosol was in the range of 0. 5 to about
2 to 3 microns, 6 feet from the nozzles, I'll put it that way. This was determined
by microscopic examination. We're not very sophisticated with this, so we had a cal-
ibrated microscope and did direct counts of the droplets as they appeared on the glass
slide. We also prepared permanent record slides using a system developed, I believe,
at Holloman, where the methylene blue was put onto the slide and the droplet was
allowed to dry on the slide so that you got some idea of the size of the droplet. But
the humidity, when you got above 50 parts per million, was roughly aibout 60 to 70
relative humidity. It was very high. But when you approached 70 ppm you couldn't
see across the room. It was aerosol, and solid, and it stayed. It stayed for quite a
long period of time.

DR. PIERSON: I was interested in the subjects, primarily. Were they astronaut
candidates? Were they male college students, professionals? What age group? Who
were they?

DR. COULSTON: These were prison volunteers in a prison. They consisted of
both white and black of an age group approximatelv from 18 to 50. They were thoroughly
examined to make sure they were healthy subjects as far as we couid tell.
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DR. LONGLEY (Institute of Gas Technology): At levels where you could notice a
taste or see liquid droplets in the space cabin, would you not have to abort or fix
immediately, regardless of the toxicological problem?

DR. HARRIS: There are times when you can't abort. If you're in translunar
coast you can't; you go on through, around and back.

DR. LONGLEY: My point is the toxicology hazards to the human from the vapor
exposure would probably be secondary in this case, would it not?

DR. HARRIS: No, because the engineering problem may not be a serious one.
You want to check. For one thing, you're concerned if this is in your heat exchanger.
If your heat isn't building up, then your temperatures aren't building up and there
may be no cause for abort. This is going to have to be the judgment of the engineer
at the console, as far as that part is concerned. That system may still perform and
he may go on.

DR. LONGLEY: You also have a redundant heat exchanger?

DR. HARRIS: Yes. The one problem with this heat exchanger, with this glycol
in the attenuator, is that theie's no way really of telling how much there is. You can't
tell what the extent of the leak is, in other words, to use that as a detector.

MR. WANDS: I would certainly like to congratulate you, Elliott, for riding herd
on this program for NASA, also NASA for sponsoring this work. As you well know, the
older literature on ethylene glycol was pretty horrible. We had some very bad infor-
mation, some very scanty information, and there was no real quantitative measure
of the extent and nature even of the toxicology of the material other than the ethylene
glycol studies that FDA had done in the years gone by with the sulfa drug episode.
Certainly the sort of work that you people have done is essential for proper environ-
mental control planning. I would like to emphasize to this entire audience, especially
those of you who have responsibility for introducing these materials into the system,
that it is impossible even for the best qualified brains in the country to make reasonable
guesses in the absence of any data.

LT. COLONEL KAPLAN: Dr. Harris, if I may ask a question, on the four-hour
distribution study, was this a distributuion of the ethylene glycol or total carbon 14?

DR. HARRIS: This is distribution of ethylene glycol.
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PAPER NO. 9

EFFECTS OF EXPOSURE TO ETHYLENE GLYCOL ON CHIMPANZEES

Mary F. Felts, Captain, USAF

6571st Aeromedical Research Laboratory
Holloman Air Force Base, New Mexico

INTRODUCTION

Utilization of ethylene glycol as a heat exchanger in the Apollo system raised
possible toxicological problems. Numerous reports (Friedman, 1962; Hageman, 1948;
Mills, 1946: Nadeau, 1954; Ponb, 1946) have indicated ethylene glycol is quite toxic
to humans. The lethal dose for humans, by the oral route, has been estimated to be
1.6 ml ethylene glycol/kg of body weight. Information regarding effects of various
routes of administration is limited primarily to that of accidental ingestion. Available
information on species other than man is also limited. An inbred strain of mice (SWR/J)
developed failure of a blood clotting factor following low level feeding of ethylene glycol
(Allen, 1962). Rhesus monkeys were unaffected by chronic administration of ethylene
glycol in the diet (Blood, 1962). Back (1967), Esparza (1967) and Vernot (1967) indicated
inhalation of glycol is not harmful to the rhesus monkey.

This report discusses (1) the selection of the chimpanzee over the rhesus monkey
for ethylene glycol toxicity studies and (2) the inhalation studies with the chimpanzee
to determine the seriousness of a possible glycol leak in the Apollo system.

METHCDS

(1) Two chimpanzees were exposed to an ethylene glycol saturated atmosphere
(256 mg/cubic meter at 70 C) for 28 days in a performance evaluation chamber. The
saturated atmosphere was produced by an aerosol mist of less than 5 micron particles.
The ethylene glycol was gravity fed to the chamber and forced through a nozzle in the
ceiling with compressed air. The chamber altitude was 4300 feet, the ground level
altitude of Holloman Air Force Base. (2) Four other chimpanzees were exposed
to an atmosphere saturated with ethylene glycol vapor. These chimpanzees were in
a Thomas Dome with a simulated spacecabin atmosphere of 5 psi, 68% oxygen and
32% nitrogen for 28 days.
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Ethylene glycol levels in the performance chamber were measured by gas
chromatography. A Porapak QS (80-100 mes!h) 6 foot glass column was used in a gas
chromatograph*. Injector temperature was 240 C; column temperature 180 C;
and hydrogen flame detector 270 C. Flow rates were: heliL m carrier gas 50 cc/min;
hydrogen 45 cc/min; and air 450 cc/min. The chamber was ;ampled by drawing air
from the chamber into a 150 ml gas collecting flask. Air s. -iples from the flask
were gently bubbled through water with dry nitrogen. The mechod proved satisfactory
for full recovery of ethylene glycol into a volume of water as small as 0. 25 ml. This
aqueous solution was injected into the chromatograph. A similar procedure was used
in monitoring the Thomas Dome (Vernot, 1967).

Hematologic and serum chemistry studies were done on the performance test
animals before they were placed in the chamber and again upon their removal. Urine
concentrating ability was also measured at these times in the following manner: food
and water were withheld for 36 hours after which time (1) a urine sample was collected
by catheterization ard (2) a blood sample was collected. Serum and urine osmolality
were measured with a freezing point depression osrnometer**.

Hematologic and serum chemistry values were determined on che chimpanzees in
the Thomas Dome at weekly intervals. Renal function tests, inulin and para-amino-
hippuric acid (PAH) clearances, and the PAH tubular maximum excretion rate, were
done according to Smith (1954). Each test was done four times on each chimpanzee:
(1) at Holloman Air Force Base prior to their transport to Wright-Patterson Air Force
Base, (2) at Wright-Patterson Air Force Base before entering the dome, (3) at the
midpoint of exposure in the dome, and (4) immediately following the 28 day exposure.

Heyrovsky's (1956) indole-3-acetic acid method was used to determine inulin con-
centration in urine and protein free filtrates resulting from 1C% trichloroacetic acid
precipitation of serum. PAH concentration in urine and cadmium sulfate protein free
filtrates of serum was determined according to Chasis (1945). The test for urine con-
centrating ability was not done on the chimpanzees in the Thomas Domes because of
logistics requirements.

RESULTS AND DISCUSSION

Effects of intravenous injection of ethylene glyco! in rhesus monkeys and chimpan-
zees as described in tables IA and IB indicate that the rhesus monkey is much more
tolerant of the glycol than is the chimpanzee. The dose of 2 ml ethylene glycol/kg body
weight, lethal to the chimpanzee, caused only mild ataxia in the rhesus monkey. Of
these two non-human primates, the chimpanzee reacted :o the ethylene glycol in a
manner more comparable to the reaction of man, based on the levels of oral toxiciti
reported for mar.. Therefore, the chimpanzee was chosen as the test animal for
further experimentation.

* Barber Coleman Model 5000
"*Advanc-exd Instruments Model 65-31
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TABLE I A

I. V. INJECTION OF ETHYLENE GLYCOL
(Rhesus Monkey)

DOSE EFFECTS

2 mi/kg Ataxia for 2 hours
Vomiting with recovery after 2 hours
Oxalate crystals in kidneys after 2 wks

1 ml/kg No behavioral changes
No clinical signs of illness
Oxalate crystals in kidney after 2 wks

TABLE I B

I. V. INJECTION OF ETHYLENE GLYCOL
(CHIMPANZEE)

DOSE EFFECTS

6 ml/kg Ataxia; coma
Death in 10 1/2 hours
Oxalate crystals in kidneys at autopsy

2 ml/kg Ataxia; coma
Death in 12 3/4 hours
Oxa!ate crystals in kidneys at autopsy

2 ml/kg Ataxia; coma
De3th in 9 3/4 hours
Oxalate crystals in kidneys at autopsV

1 ml/kg Ataxia; pulmonary complications
Death in 37 1/2 hours
Oxalate crystals in kidneys at auropsy

1 mli'kg Ataxia; vomiting: recovery
Sacrificed at 48 1 '2 hours
Oxalatc crystals in kidneys at :1utop.s;y
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Two chimpanzees were trained to perform two tasks inside the 1, ICO-
logical test chamber (figure 1). The first task was an auditory dit r k Ain
w'•(.h the animal was required to locate the source of a sound and pr, ir'iate
speaker to shut off the sound. A food pellet reward was given after ei.
re.'ponse. Speakers were located on three sides of the chamber; each (I .t
a different sound frequency. Both the number of correct responses and thc- tU''
quired to make the response #cwre measured.

Figure 1. PSYCHOPHARMACOLOGICAL TEST CAAMBER

The responses of both animals to this task are shown schematically in figure 2.
The time taken to respond to the sound increased for both animals during exposure
to the ethylene gi.col. However. this performance decrement which was initially
acute, lessened as the exposure period continued.

T'he second task was more cu,.;:1icated, involving the adjustment of a MUller-
+yer illusion (figure 3) so that the two sections of the line were of equal length within

a vermitted tolerance. The arimal was pre:-2rev t-.c illusion with the left section at
a fixed length. The a.;nmal then adjusted the length of the other section using a small
.4hee,. After pr0-sln: a lever to indicate the adjustment was complete, a food reward
was given if the adjust;:- .. was correct witikn tolerance (20 mm for one chimparnzee
and 15 mm for the (-her).
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Re•ction Time on the Audltofy Di$crif. ition Task

S.,, ,W70

BASELINE WEEKS [XPOSURE WEEKS

F*G=re 2

LP LEV" -0

Figure 3. MULLER-LYER ILLUSION

One chimpanzee continued to maintain baseline performance levels during the
expo~ure. I'he other chimpanzee exhibited a significant increase in deviation during
the last two weeks of the experiment, as illustrated schematically in figure 4.

109



AMRL-TR-69-130

Adlu-t-ent of the Lin, ten;th in the HIlusicfn Task
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Figure 4

Hematologic values, which were determined on samples collected betore and after
ethylene glycol exposure, ate shown in table iI, There is an unexplained rise in tht
hemoglobin concentration and mean cell volume of the red cell in these animals. These
animals did not exhibit the clinicai s;gns associated with dehydration, Neither chim-
panzee had a diarrhea. The chimpanzees appeared active and healthy when given
physical examinations upon removal from the chamber. These observations are in
agreement with the serum chemistry values for the two chimpanzees as given in table
ill.

TABLE Ii

28 DAY EXPOSURE TO ETHYLENE GLYCOI AEROSOL (HEMATOLOGY)

ANIMAL NO. 270 ANIMAL NO. 626

Index Pre-exposure Post-ex 2oure Pre-exposure Post-exposure

Hct (7%) 40 46 42 45
Hgb (gm/ 00 ml) 13.1 15.0 14.3 15.1
MCV (cCu) 75.4 89.3 73.9 81.0
MCH 6 ) 24.7 29. i 25.2 27.2
MCHC (o) 32.7 32.6 34.0 33.5
WBC (103 /ram 3 ) 11.8 19.5 11.9 7.1
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TABLE III

28 DAY EXPOSURE TO ETHYLENE GLYCOL AEROSOL (SERUM CHEMISTRY)

ANIMAL NO. 270 ANIMAl. NO. 626

SERUM VALUES Pt-exp ure Post-expoure Pre-expc~ure Post-expoure

S 'N (ijg 10 nil) 16 18 8 10

Tral Proein (g 100 ml) 7.( 6.8 7.7

SGo r (units)* 12 24 - 30

SGPT (umnts) 22 31 - 18

Sodium (mEq 1) 142 138 142 142

Potassium (mEq, 1) 4.72 4. (7 3.91 4.41

Creatinine (rng 1(W nil) 1.10 0.95 -

Aikaline Phosphatase (units)* * 7.0 7.0

* Signia-Frankel
"Bola as kv

The only indication from clinical tests that the ethylene glycol expcsure adversely
affected these two chimpanzees was the results of the test for urine concentrating
ability. Table IV lists the serum and urine osmolality, before and after glycol expo-
sure. There is a decrease in the ability of the kidney to concentrate urine following
the exposure. This is a condition commonly associated with disfunction of the distal
tubules of the kidney. Otiher renal function tests ,hich were performed on chimpanzee
No. 626 were within normai limits - inulin clearance 1.9 ml/kg/min; PAH clearance

14. 8/ml/kg/min; and PAH tubular maximum excretion 2.6 mg/kg/min. Examination
of postexposure kidney biopsy specimen frorn chimpanzee No. 270 revealed oxalate
crystals, while the histological pr-parations of material from chimpanzee No. 626
did not show any crystals.

To he,!e a more realistic evaluation of the effects of ethylene glycol in the space-
cabin environment, the following experiment was designed: four chimpanzees were
placed ;n a Fhomas Dome, The atmosphere of the dome was saturated with ethylene
glycol vapor (256 mg/cubic meter at 70 C). The simulated altitude was 27, 000 feet
(5 p~:i, 68% oxygen, 327 nitrogen).
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TABLE IV

28 DAY EXPOSURE TO ETHYLENE GLYCOL AEROSOL
(URINE CONCENTRATING ABILITY - 36 HOURS)

ANIMAL NO. 270 ANIMAL NO. 626

CHEMISTRY Pre-exposure Pst -exposure Pre-exposure Post-exposure

Serum Osmolality (mOs m/L) 270 274 280 296

Urine Osmolality (mOs m/L) >1000 723 949 601

Ratio of Urine/Serum 3.7 2.6 3.4 2. 1

Specific Gravity of Urine 1.035 1.005 1.025 1.016

Kidney Oxalate Crystals no yen no no
(biopsy)

Inulin Clearance (ml/kg/min) 2.8 1.9

PAH Clearance (m1/kg/rnln) 16.5 14.8

PAH Tm (mg/kg/min) 1.1 2.6

Inulin/PAH 0.17 0.13

A drop in the hemoglobin and hematocrit values occurred as shown in tables
VA, VB, VC and VD. This was due to the large amounts of blood drawn. Approximately
80 ml of blood was drawn for each renal clearance test. Two tests were performed
on each animal prior to exposure, one test at the midpoint of exposure, and one im-
mediately after removal from the dome. Approximately 15 ml of blood was drawn
weekly to follow the hematologic and serum chemistry values of each animal. Chim-
panzee white blood cell counts fluctuate drastically in relationship to the state of
excitement. However, all the animals showed a depression of total white count 2
weeks after the exposure period was completed. These are the first postexposure
values given in tables VA, VB, VC and VD. The differential counts were normal.

The serum chemistry values of the chimpanzees exposed in the dome are given
in tables VI A, VI B, VI C, VI D. The uric acid level of serum showed a slight rise
in chimpanzee No. 255 (table VI A). The serum creatinine and blood urea nitrogen
levels of all the chimpanzees remained normal throughout the experiment. The potas-
sium levels increased mildly during exposure; however, this may be a function of
altitude, rather than an effect of the glycol.
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TABLE V A

28 DAY EXPOSURE TO ETHYLENE GLYCOL VAPOR (HEMATOLOGY) NO. 255

Baseline Exposure Post exposure

Index 1 2 lwk 2wk 3wk 4wk <2 wk>lwk 2wk 3wk 4wk

Hct(%) 49 38 41 41 35 36 40 43 43 45
Hgb(gm/100 ml) 16.3 12.3 12.8 13.2 11.4 11.7 13.9 13.8 14.1 15.1
MCV (co, 80.3 88.0 88.2 89.9 84.1 81.6 74.3 83.1 77.8 78.1
MCH K) 26.7 28.7 27.5 28.9 27.4 26.5 25.8 26.7 25.5 26.2
MCHC (%) 33.3 32.6 31.2 32.2 32.6 32.5 34.8 32.1 32.8 33.6
WBC (103/mm 3) 16.1 11.3 15.1 6.7 10.9 8.3 6.5 17.0 8.6 27.0

TABLE V B

28 DAY EXPOSURE TO ETHYLENE GLYCOL VAPOR (HEMATOLOGY) NO. 665

Baseline Exposure Post-Exposure

Index 1 2 lwk 2wk 3wk 4wk

Hct (o) 46 38 35 38 40 41 No data due to death of animal
Hgb(gm/100ml) 15.1 12.8 11.1 11.4 13.2 12.8
MCV(clj) 79.9 79.0 81.8 84.6 85.J 78.1
MCH (•) 26.7 26.6 25.9 25.4 28.1 24.4
MCHC (7%) 33.5 33.7 31.7 30.0 33.0 31.2
WBC (103/mm 3) 8.7 7.0 10.2 9.9 9.6 11.0
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TABLE V C

28 DAY EXPOSURE TO ETHYLENE GLYCOL VAPOR (HEMATOLOGY) NO. 675

Baseline Exposure Post exposure

Index 1 2 lwk 2wk 3wk 4wk <2wk> lwk 2wk 3wk 4wk

Hct (%) 35 34 27 29 32 35 36 38 40
Hgb(gm/100 ml) 12.0 10.2 8.4 9.4 9.4 11.1 11.5 12.1 12.7
MCV (cu) 75.9 77.1 74.8 69.0 72.4 66.5 71.3 72.1 74.1
MCH (16) 26.0 23.1 23.3 22.4 21.3 21.1 22.8 23.0 23.5
MCHC(%o) 34.3 30.0 31.1 32.4 29.4 31.7 31.9 31.8 31.8
WBC (103/mm 3) 14.4 12.8 10.0 10.6 7.3 5.8 15.3 9.9 18.8

TABLE V D

28 DAY EXPOSURE TO ETHYLENE GLYCOL VAPOR (HEMATOLOGY) NO. 684

Baseline Exposure Post exposure

Index 1 2 lwk 2wk 3wk 4wk <2wk> lwk 2wk 3wk 4wk

Hct (%) 36 27 33 34 32 32 34 38 39 42
Hgb(gm/100 ml) 11.1 8.8 9.9 11.4 10.2 9.6 10.5 11.5 12.5 14.1
MCV(cu) 71.0 75.4 78.4 65.4 78.8 76.4 65.0 76.9 73.6 75.0
MCH (6ý) 21.9 24.6 23.7 21.9 25.1 22.9 20.1 23.3 23.6 25.2
MCHC (%) 30.8 32.6 30.0 33.5 31.9 30.0 30.9 30.3 32.0 33.6
WBC(10 3/mm 3) 18.3 19.1 10.7 10.3 18.0 10.1 7.1 21.0 15.3 17.8
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TABLE VIA

28 DAY EXPOSURE TO ETHYLENE GLYCOL VAPOR (SERUM CHEMISTRY) NO. 255

Baseline Exposure Post exposure

Chemistry lwk 2wk 3wk 4wk <2wk> lwk 2wk 3wk

Sodium (meq/1) 141 139 140 143 138 139 146 143

Potassium (meq/1) 3.8 3.7 3.5 4.3 3.7 4.0 4.7 4.9

BUN (mg/100 rnl) 10 5 7 10 8 11 10 11

Total Protein (gm/100 ml) 6.9 7.8 7.1 7.9 7.7 7.3 7.1 7.7

creatinine (mg/100 ml) 1.0 0.8 0.5 0.8 0.6 0.7 0.9 -

Uric Acid (mg/100 ml) 1.8 4.2 3.8 4.0 3.0 2. 2 -

SGOT (units)* - 15 10 16 15 -

*Sigma- Frankel

TABLE VI B

28 DAY EXPOSURE TO ETHYLENE GLYCOL VAPOR (SERUM CHEMISTRY) NO. 665

Baseline Exposure Post exposure

Cheimistr) lwk 2wk 3wk 4wk -2wk> lwk 2wk 3wk

Sodliumi (invq/l) 140 137 140 141 140 No data due to death
of the anijial

Potassiumn (neq/1) 4.6 3.8 4.0 4.5 4.0

BUN (mng/ 1 W ml) 11 7 9 8 5

l'otal Protein (gin/I X) nil) 7. 1 6,8 6 Q 7.8 7.4

Creatinine (nig/(X) ml) 1.0 0.5 4 0.S 0.7

Ulr, Acid ( g'1liK1M fll) - 3.8 4.01 4.5 4.0

SGO(T" (units)* 15 10 15 1,

•Sigi li - F ralnkci
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TABLE VI C

28 DAY EXPOSURE TO ETHYLENE GLYCOL VAPOR (SERUM CHEMISTRY) NO. 675

Baseline Exosure Post exposure

Chemistry lwk 2wk 3wk 4wk <2wk> lwk 2wk 3wk

Sodium (meq/l) 137 138 140 138 136 143 138

Potassium (meq/1) 3.1 3.1 4.4 3.4 4.0 4.5 4.7

BUN (ing/100 ml) 11 7 9 6 11 12 10

Total Protein (gm/100 ml) 6.7 7.1 8.1 7.7 6.6 6.9 7.1

Creatinine (mg/100 ml) - 0.6 0.6 0.6 0.8 0. 7 -

Uric Acid (mg/100 ml) - 2.7 3. 8 3.8 2.6 -

SCOT (units)* - 15 15 15 -

*Sigma-Frankel

TABLE VI D

28 DAY EXPOSURE TO ETHYLENE GLYCOL VAPOR (SERUM CHEMISTRY) NO. 684

aseline iost exposure

Chemistry lwk 2wk 3wk 4wk 2wk lwk 2wk 3wk

Sodium (meq/i) 143 139 144 142 138 141 151 139

Potassium (meq/l) 2 1 2.6 3.1 2.4 2.8 4.6 4.0 3.7

BUN (mg/100 ml) 9 7 5 10 7 13 10 12

Total Protein (gm/100 ml) 7.3 7.6 6.5 7.9 7.6 7.4 7.8 7.9

Creatinine (mg/100 ml) - 0.5 0.4 0.5 0.5 0.7 - -

Uric Acid (mg/100 ml) 2.8 2.5 2.8 2.8 3.1

sco' (unitsr 15 15 18 15

*Sigrna-Fran. -1
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TABLE VII

RENAL CLEARANCE STUDIES

Baseline Exposure
Clearance 14 days 28

255
Inulin (ml/kg/min) 2.3 2. 4 2.5 2. 8
PAH (ml/kg/min) 15.5 9.8 15.1 14.3
T PAH (mg/kg/min) 1.9 2.4 2.6 2 1
Inulin/PAH 0.22 0.20 0.24 0.19

665
Inulin (ml/kg/min) 1.8 2. 2 2. 2
PAH (ml/kg/min) 8.1 7.2 8.9
TmPAH (mg/kg/min) 1.9 2.1 2.1
Inulin/PAH 0. 26 0. 24 0. 26

675
Inulin (ml/kg/min) 3. 2 1.8 2. 4 3. 1
PAH (ml/kg/min) 13.1 10.9 10.7 11.4
TmPAH (mg/kg/min) 2. 8 3.4 2.8 2. 3
Inulin/PAH 0. 31 0.19 0.19 0. 26

684
Inulin (mIl/kg/min) 2. 6 3.5 2. 8 3.8
PAH (ml/kg/min) 11.3 17.2 19.7 17.5
TmPAH (mg/kg/min) 3.7 3.0 4.0 2.6
Inulin/PAH 0. 23 0. 17 0. 15 0. 20

Standard 0. 01 Confidence
Mean Values - Baseline Deviation limit

Inulin (ml/kg/min) 2. 4 0.9 1.3 - 3.5
PAH (ml/kg/min) 11.4 2.9 7.7 - 15.1
TmPAH (mg/kg/min) 2.6 0.6 1.8 - 3.3
Inulin PAH 0. 23 0.02 0.18 - 0. 27
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The results of the renal clearance studies are summarized in table VII. The
baseline values differ slightly from those given by Hamlin (1964) for immature chim-
panzees. There was no significant difference between the baseline values and those found
after 14 and 28 day exposure. Chimpanzee No. 665 was not tested in the dome. It is
unfortunate that the te'st for kidney urine concentrating ability could n-,t be done on these
animals.

Sykowski (1951) and Esparza (1967) reported corneal damage due to ethylene
glycol. Examination of the eyes of these six chimpanzees for evidence of cornea
erosion gave negative findings in all cases.

CONCLUSIONS

Inhalation of ethylene glycol at the level of 256 mg/in 3 for periods o" 28 days
did not appear to he seriously harmful. A small decrease in urine concentrating
ability indicated slight impairment of distal tubular function. Whether this condition
would become more serious with a longer period of exposure is unknownr.

Serious behavioral disturbances, such as have been observed in both man and
the chimpanzee following ingestion or injection of ethylene glycol, did not occur during
the periods of glycol inhalation. When ethylene glycol is ingested or given by intra-
venous injection, ataxia, vomiting and various other disfunctions of the nervous system
may result. Continual metabolism of the glycol as it is taken up may prevent the
build-up of a sufficient quantity of glycol to affect the central nervous system.

Although the present study was done with chimpanzees, it seems appropriate to
draw certain conclusions about rnan. It is improbable that man could inhale a suffi-
cient amount of ethylenie glycol to be harmful, at least during a 28 day period. Pre-
existing pat!,ology might be aggravated by such exposure. Oxalate crystals could
seed the development of kidney stones. The possibility is not great during short
duration exposures, but could be a problem for chronic exposure.

rhcsc studies were conducted under join NASA and Air Force sponsorship
NASA Contract T-71673.
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DISCUSSION

MR. BATTISTA (Arthur D. Little, Inc., Cambridge): Have you done any of the
experiments in tracheotomized animals?

CAPTAIN FELTS (Aeromedical Research Laboratory): No, we haven't.

MR. BATTISTA: With a 5 micron particle, you might be running into a situation
where the dose that you're actually getting systemically may be a lot different from
what you have presented to the animal. The next question is have you checked ethý iene
glycol as far as its effect on cilia?

CAPTAIN FELTS: No, we haven't.

DR. THOMAS: First of all, for your question back there, we did not introduce
it as an aerosol. It was all ethylene glycol vapor in the Dome experiment.

CAPTAIN FELTS: Yes. But in our performance chamber at Holloman it was
introduced as an aerosol.

DR. THOMAS: But at Wright-Patterson it was as a vapor. You wouldn't have a
problem in the dome of the 5 micron particles. I want to highly commend Capt. Felts
for doing this work. It took a lot of doing and believe me, she was flying the chambers,
doing the kidney function studies in there, which added a touch of beauty to our Christmas
holidays. Besides that it was the first time we had chimps in the domes. One question,
did you taste the sweetish taste when you were working up there, five hours sometimes?

CAPTAIN FELTS: You could taste a little sweetness on the lips, but it wasn't
an unpleasant thing to make me want to get out.

DR. THOMAS: There's a puzzle here because we had saturated vapors and people
were able to work in it, highly efficiently.

DR. PFITZER: I wonder if you could correlate for us the concentrations in your
experiment with those in the previous human experiment. I'm a little confused by the
parts per million and your milligrams per cubic meter, how comparable they are.

CAiP'TAIN FELTS: Two hundred and fifty-six milligrams per cubic meter is
approximately 200 parts per million, I believe.

1 21
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MR. VERNOT: It's 100 parts per million.

CAPTAIN FELTS: At altitude it gets complicated to work with parts per million
I'm told, so we stuck to milligrams per cubic meter.

DR. SLONIM: Ycu spoke, or you showed some results with the distal tubules,
Did you do, or rule ott., any effects on glomerular filtration by the creatinine clearance
although you had just one value for creatinine? You didn't have a filtration rate.

CAPTAIN FELTS: The inulin clearances, since they were normal, should have
ruled out any glomerular problems. Really, what you're measuring when you do inulin
clearance is glomerular filtration rate.

DR. CAMPBELL (U. S. Public Health Service, Cincinnati): This is more a question
of a chemist than of Capt. Felts. I was wondering if in a 5070 or greater humidity sit-
uation, saturated vapor atmosphere would produce any particulates or aerosol?

MR. VERNOT: No, we saw no aerosol. Of course we introduced the ethylene
glycol through a heating system. We vaporized the ethylene glycol directly into the
chamber without putting in water first. The rtlative humidity in the dome is approxi-
mately 5T. and we saw no ae, osol at approximat' sarirated vapor pressure of ethylene
glycol.

DR. CAMPBELL: Visually?

MR. VERNOT: That's right. As a matter of fact, we did a rough Tyndall test.
We turned off all the lights, and turned the flashlight on the side to see if we cod d
see any scattering, and we saw none.

DR. CAMPBELL: Wouldn't this depend pretty much on particle size, if you gener-
ate large particles?

MR. VERNOT: We generated the vapor; we didn't use aerosol.

CAPTAIN FELTS: Let me make a statement about our performance chambers.
This was a continuous flow system which carried the aerosol in and when it came in
it was immediately swept through the chamber and back out, so that it was an aerosol.

MR. WANDS: Thank you, that's an important feature. Now, is this the same
material used in the spacecraft, or does the spacecraft heat exchanger carry the anti-
oxi da nt ?

CAPTAIN FELTS: Dr. Harris will have to answer that. I don't see him here,
but it's my understanding that they used the analyzed reagent. This is what I wouldn't
say is an absolute positive fact.
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DR. JACOBSON (Tulane University): I'd like to speculate for a minute on the
question that Dr. Thomas raised. I believe you said you could not taste the saturated
vapor but the aerosol has a taste. Did I understand you correctfy-7

CAPTATN FELTS: I said I could taste the vapor on my lips after I had been in
the dome for several hours, but i•F-d not give me the same reaction as the prisoners
had with the aerosol.

DR. JACOBSON: What I was thinking was that on the matter of absorption of
aerosols, many of the statements made of the efficiency of absorption applying to low
particle size apply to non-absorbable aerosols. In other wnrds, we're talking there
about the alveolar absorption. Now, if you have an aerosol which is water soluble and
is absorbable in tissues other than the alveoli, then there is a higher efficiency of
absorption in the upper respiratory tract with larger aerosol particles. Thus, a high
particle size water soluble aerosol may be absorbed in the upper respiratory tract,
even the throat and mouth, leading to a taste; whereas the vapor may not be absorbed
until it gets to the lower respiratory tract. That's speculative.

DR. THOMAS: The main difference in the human reactions to this substance is
that we didn't have the urge to get out of the chamber, while the prisoners would not
stay voluntarily in the room if the concentration was over 70 to 100 ppm.

DR. COULSTON: Somewhere about that.

DR. PFITZER: I'm still confused about these concentrations. Dr. Coulston de-
fined the 75 ppm as a fog in their chambers, and you have indicated that your saturated
vapor was equivalent to about a 100 parts per million, and I'm having a little difficu!ty
reconciling these. I'm also interested in the experiment you did at Holloman with the
aerosol at the 200 plus milligrams per cubic meter. Was this a fog?

CAPTAIN FELTS: Yes, it was. It didn't seem to bother the chimpanzees.

DR. COULSTON: We measured in our human study and in our studies with monkey3
at Albany Medical College, the number of micrograms per liter of air and now you can
convert that any way you want. So, when we're talking in the prison studies we say 50
micrograms per liter or it you want to convert it 50 milligrams per cubic meter,
you're welcome to _t. I don't care what you call it. These are the figures we used.
In our own naivete in our own shop we stick to micrograms per liter of air because it
is convenient. When we publish this we'll convert it into the customary jargon.

MR. WANDS: Then thc numbers that were cited were micrograms per liter rather

than ppm?

DR. COULSTON: Cited where?

MR. WANDS: This morning, for the human exposures. No effect at 25 ppm and
no effect at 25, microgram per liter.
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DR. COULSTON: ! believe 25 micrograms which makes ....

MR. WANDS: That should help clarify the problem.

DR. MAC EWEN (SysteMed Corporation): Yes, that's considerably less. Twenty-
five micrograms per liter is approximately 5 parts per million equivalent.

This taste bit, I might make one comment. In the aerosol generation, taste was
on the tongue where the aerosol droplets actually collected in the mouth or could be
tasted, physically. In the saturated vapor exposures, the taste is that which is collected
on the lips and skin from the licking. You get a secondary effect of taste only after
you lick your lips.

CAPTAIN FELTS: I see Dr. Harris is here now. Perhaps he can answer the
qucstion. The question was, Dr. Harris, was the glycol that was used in the capsule,
was it analyzed reagent or was it commercial grade with the anti-oxidants in it't

DR. HARRIS: The stuff that was used in the capsule has anti-oxidants and it also
has some other stuff in it. There are two additives. One was sodium mercaptothia-
zole and the other was triethanolamine. It's definitely not the reagent grade.
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PAPER NO. 10

EFFECT OF HYPEROXIA ON THE SURVIVAL OF RED BLOOD
CELLS IN THE RAT USING 14CO TECHNIQUE

Henry A. Leon, Ph.D.

National Aeronautics and Space Administration
Moffett Field, California

S.A. Landaw
and

H.S. Winchell

University of California
Berkeley, California-

INTRODUCTION

The question of whether oxygen at pressures greater than that found in air at sea
level can cause the breakdown of red blood cells has been investigated by a number of
workers, and it is now fairly well accepted that oxygen at partial pressures greater
than 1 atmosphere can indeed cause an in vivo peroxidative hemolysis, particularly .n
vitamin E deficient animals (Raihi, 1955; Kann, 1961). On the other hand, attempts to
demonstrate hyperoxia-induced hemolysis at oxygen pressures below 1 atmosphere
without equivocation have not been forthcoming. As it turns out, one of the major
physiologic changes reported in the Gemini manned space flights of 3 days or longer was
a decrease in the red cell mass on the order of 10,70 (Fischer, 1967).

Three potential causative factors which have been considered for this phenomenon
are:

1. Hypodynamia
2. Weightlessness
3. The pure hyperoxic space cabin atmosphere.

Our particular interest has been directed toward obtaining a conclusive answer ý,i the
third possibility. That is, does mild hyperoxia cause the hemolysis of red blood cells
in vivo?
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METHODS AND MATERIALS

The primary technique used in this study was developed by Landaw (1966. 1969k
It is a cohort labeling technique, based on the fact that when red blood cells are
destroyed in the body and the hemoglobin is degraded, the heme ring is opened at the
alpha-methene bridge carbon atom with the oxidation of this carbon to carbon monoxide.
Furthermore, the unique source of the methene bridge carbons of heme is the 2-carbon
of glycine (see figure 1). Therefore, for every mole of heme degraded, 1 mole of CO
is produced and exhaled. Figure 1 demonstrates also that if 14C, glycine labeled in the
2 position is administered to an animal, it is rapidly incorporated into hemoglobin
heme of newly forming red blood cells. The glycine also labels nonhemoglobin hemes
of the cytochromes and other heme constituents and labels protein as well. The non-
hemoglobin hemes have a very rapid half-life. The glycine-labeled protein turnover is
very slow in the rat, being on the order of 50-100 days.

PATH OF CARBON MONOXIDE FORAM•'ON
I v

S__LV
IC -4

t- LW% ,c 10 ad. P I T,,, % -3 day

M c=

5.1K isys 1 ___

Figure 1. PATH OF CARBON MONOXIDE FORMATION.

1 26



ANIRL-TR-'i9-130

Figure 2 shows the output of "4 CO from a normal Buffalo raL and illustrates how
survival para neters of red blood cells can be derived. The function F (CO) total de-
scribes the I4CO data. F (A) and F (B) represent the 1

4CO generated from nonhemo-
globin hermes and recycling of 2-1"C-glycine from protein into heme. If these are sub-
Udaced from F (CO) total then F (CO) RoC which aescribes "CO output attributable
to RBC degradation, is obtained. From tis ftunction the survival parameters of the
population of RBC in question can be extracted. As one would expect the "CO output
is in fact describable as a function of the circulating radioactive hemoglobin content.

* .MI s "- - 'iW:

Fiur 2 RLTIN ETEN CUT. AND RC SRIVA AAEES

The parameters of interest which are obtainable in thih fashion are:

T - mean potential lifespan
k - the rate of random hemolysis

S- the spread of lifespans about T
T - the mean overall lifespan

C - ', [.t.e p ..r,-II of tbI•. 1I1jc'cr.cd g.ifLiIII us iiic'JI )Ord)Z•LCU int[o iR IB he21me.

The capsule svstem for e"-•xposing rats continually to oxygen for long period~s is
shown in figure 3 (Quattrone, 1066). Also shown is the train for ''CO collection
(Landaw, 1966).

102,
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Figure 3. EXPOSURE SYSTEM AND "CO CCLLECTION TRAIN.

RESULTS AND DISCUSSION

In our studies on hyperoxia we wanted to know:

1. Does oxygen affect RBC as they are being formed?
2. Does oxygen attect RBC -formed under normal circumstances? If so, does

the effect depend on the age of the RBC at the time of the initial exposure?
3. In either case, should there be an 2ffect, is it dose related? That is, is

there a threshold for the effect, and does it become more pronounced with
increasing PO,,?

In our initial studies the following groups were studied:

1. R, coholrts labecud in no rats which wore pPri n n Yvgen ' 4 davy
later at 197, 258, or 450 torr. ''CO output was determined under these
conditions for 80 days.

2. Rats placed in oxygen at 197, 258, or 450 torr f',r 2 weeks and then a cohort
was labeled. The rats were placed in their respect've oxygen environments,
and "CO was measured for 92 days.

3. Control rats labeled at the time of the dier rats and ''CO measur-ed for 92
days in an air environment under sea-level conditions.
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The results are listed in table I. The most rernarkable finding is that the mean poten-
tial lifespan of young RBC exposed to pure oxygen for extended periods iF, shortened
significantly. As we can see, all groups exposed to the oxygen when the labeled cells
were 14 days old showed this effect. Thus, even those exposed to 197 torr, which is
normoxic with respect to the alveolar partial pressure, are affected. One interpretation
that can be made from this is that pure oxygen at a given partial pressure has a greatar
physiologic effect than in the presence of a diluent. That this may be the case is also
indicated by the combined results of the Gemini and Apollo flights with respect to the
red cell mass changes, for it appears that only when astronauts were exposed to pure
oxygen for some time were decreases in the red cell mass noted (Fischer, 1969).

TABLE I

EFFECT OF 02 PRESSURES ON PREFORMED AND FORMING RED BLOOD CELLS

Mean Potential Random Spread of Fraction
Life Span Hemolysis Life Spans Incorporated

N T (Days) k (% day) a (days) C (1 of dose)

(4) Control 69.2±.9 .69±.08 6.4±.7 .2651.O031

(4) 197 torr 6e.o0.8 .65±.07 8.0±.2 .34:!.024
AIR (4) 258 torr 6t5.9±2.1 .62±.03 7.8-±.3 .21,0 .021

LABE-LED (4) 4:0 torr c .S-.3 .77±.05 7.6t.3 .169f.0 1 5
(12) Pooled 05.2±.S .681.02 7.ff•.2 .290-.015

(3) 197 torr 68.4±.4 .83±.09 8.1±.l .15.021
OXYGEN (4) 258 torr 68.8±.2 .68±.03 7.1±.8 .202±.017
LABELED (S) 450 toatr 66.7!1.0 .83±.06 6.4t.3 .162-t.014

(12) Pooled 68.0±.4 .76±.04 7.2±.3 .292±.021

Italic type indicates a significant difference from control. P ! O.OS

The control mean potential lifespan was 69. 2 days. In pure oxygen the value was
66. 0 days in 197 torr, 65. 9 days in 258 torr, and 63. 8 days in 450 torr. This trend
suggests a dose effect.

There was some effect on the spread of lifespans about the mean, a, and it was
significant for the pooled data. This indicates that the effect of oxygen on the mean
potential lifespan is a function of the normally expected mean potential lifespan. There
was no effect on the rate of random hemolysis. The fractional incorporation of glycinc
was normal in all instances, as is to be expected since the rat6' were injected with the
glycine while still under normal conditions.
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In view of the effect of oxygen on the mean potential lifespan of circulating red
blood cells, the lack of any effect of oxygen on iorming red blood cells (oxygen labeled
group, table 1) is rather surprising. The percent random hemolysis and the spread of
lifespans appears normal in spite of continuing exposure to oxygen. One possibility is
that RBC formed during hyperoxic exposure are more resistant to the hyperoxia. If this
is the case, one might expect that such cells would have a greater longevity under
normal conditions where the oxidative stress is lessened.

What we have seen thus far is an effect of long-term exposure to oxygen on
formed red blood cells. In another set of experiments we wanted to determine the
effect of acute exposure on older RBC nearing the end of their normal lifespan. In this
case we used an 02 piessure of 600 torr. The results of this experiment are illustrated
In figure 4. The rats were labeled on Day 0 and placed in capsules in air on Day 40.
On Day 55, after the senescence process had started, the rats were switched over to
oxygen. It can be seen that there appears to be an almost immediate increase in the
output of 1CO indicating an increased rate of hemolysis of the older cells. This spike
reprcseýnts about 11% of the cells potentially at risk on Day 55. Thus it appears that
O. can indeed cause the lysis of red blood cells and this effect appears to have some
relationship to the age of the cells at the time of the initial exposure.

AIR I Cf100% 02

120[ 600 torr

RATE so INTO

OPMiht /CAPSULES 0
AlK go ' AIR

RATE 40 -

20 ;- ýNITCH
OVER

I0 jý 40 5ý 55 ý6o, o so 90 IOU
L"MMr DAYS AFTER GLYCIME 2 -14C INJP.CTION

Figure 4. EFFECT OF OXYGEN AT 600 TORR ON DESTRUCTION RATE
OF SENESCENT RED BLOOD CELLS.
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The normalization of the senescence process after 3-5 days and the lack of any
effect ol continuing oxygen exposure on the survival parameters of labeled cohorts
formed after 2 weeks of oxygen expesure could be irterpretated to mean that the oxygen
was not directly affecting RBK. In order to obtain a direct answer to this question the
experiments listed in table II were performed. Normal ratd were kept in capsules in
air az s.a level or in oxygen at 6Co torr for 5 days since earlier experiwmenzs indicated
that this period of time is required for the maximal effects of oxygen to be expressed.
The rats were then infased with 2. 0 ml of washed RBC from rats labeled with 2- 1 4C -

glycine 53 days previously. Thus these cells were already beginning to undergo sen-
escence. The rats were then split into 4 groups and immediately placed in the respective
env.ronmnents indicated. The formation of -4CO was then measured. From these re-
sults it is clear that regardless of the previous condition of the rat, exposur-e to oxygen
increases the breakdown of red blood cells and is measurable within the first 5 hours
of exposure. Conversely, rats with an immediate prior history of exposure to oxygen
do not respond differently from normal animals either to oxygen or to air. It is con-
cluded from these findings that the effect of oxygen on the RBC ii a direct one, and
no residual effect indicative of tissue changes is demonstrable.

TABLE II

EFFECT OF PRECEDING AND IMMEDIATE ENVIRONMENTAL CONDITIONS
ON 14 CO OUTPUT FROM INFUSED RBC LABELED 53 DAYS PREVIOUSLY

Initial Exposure Immediate Postinfusion 1
4C0 Output dmp/hr Significantly

Condition (N) Exposure Conditions 1st S Hrs Postinfusion Different From

1. Air, 760 torr (6) Air, 760 torr 24.6±1.5* 2, 4
2. Air, 760 toir (4) 02, 600 torr 39.3±3.0 1, 3
3. G2, 600 torr (6) Air, 760 torr 18.9±2.2 2, 4
4. Q,, 600 torr (6) 02, 600 torr 34.8t2.7 1, 3

*S.E.M.
Mature male Cuff,.lo rats were exposed to air at sea-level or to pure oxygen at 600 torr for 5 days.
Then, 2.0 ml of p.1oled and washed RBC from donor rats which had been injected with 2- 1

4C-glycine

53 days, previously were infused into each rat. The rats were immediately placed in the indicated
postinfusion environment and 5-hr samples of 1

hCo were collected.

In conclusion, mild hyperoxia causes hemolysis of rat red blood cells in vivo,
and shortens the lifespan of cells exposed for prolonged periods.
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DISCUSSION

MAJOR THEODORE: I just have a few questions. First, have you done iron
kinetic studies or iron tagging to see if these match up with your data as well as for
as survivability, seeing where the cells are going, whether they are having intra-
vascular hemolysis, whether the cells are damaged and being picked up by the spleev,
or are they actually being destroyed in t1 narrow?

DR. LEON: No, we haven't done iron k;ietic studies. Dr. Winchell, who is a
foremost expert on iron kinetics has done the i -,In kinetics on the aquanauts in the
Sea Lab Iii, and in this case, there was an incrt gas present even though the environ-
ment was hyperoxic, and he found no changes in the iron kinetics. We haven't done
the things you sugget. We have done other types of experiments with osmotic fragil-
ity and red blood -ell enzyme changes where the data is in line with what we found here.
The osmotic fragility stidief. indicate that you have a younger population which would
follow if you knock cff the older ones, and the enzyme studies done by Dr. Sabin in
our lab indicate the same thing. Within three days you get an increase in G6PD and
hexokinase, and the only way you can get an increase is to have a younger population.

MAJOR THEODOIRE: Is this due to increased marrow activity or does the marrow

not respond then?

DR. LEON: No, apparently--

MAJOR THEODORE: Iron uptakes would be accelerated under points of intravas-
cular hemolysis.

DR. LEON: Well, all evidence seems to indicate that there is a suppression cf
erythropoiesis that was indicated by our decreased uptake of the glycine and other
people in the past have done work which supports the idea that hyperoxic exposures
suppress erythropoiesis. In view of that, if you accept that as being true, the only
way to get an increase in an enzyme in a non-nucleated cell like the red blood cell,
or the only way that you can get an increased resistance to osmotic fragility woulo
be to have a younger population and the only way that you can get a younger popu~ation
under these conditions, at least the only way that I can imagine, is to knock off the
older ones.

MAJOR THEODORE: That's true. This is a beautiful technique using the glycine
tag ia the two position evolving carbon monoxide, but I was wondering here in the
methodology, how do you correct a CO washout effect? By this I mean over this per-
iod of 60 days you're measuring peak CO output. During that time you may have some
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CO leak that's now bound to hemoglobin--not incorporated, but bound--and I think some
of tne peaks you got initially upon exposure to oxygen may well be just the competitive
release of carbon monoxide from the heme which is in actual competition with oxygen
for the same site. I think this is a moot point. Out of curiosity I was wondering if
you were able to correct for this CO output versus that which is being evolved when
you break down your herne.

DR. LEON: Well, that bothered me at first when I first was introduced to this
technique, because you always hear that carbon monoxide binds to hemoglobin two to
three hundred times greater than oxygen. This is true, but, in fact, it's in dynamic
equilibrium. For example, we have done some early studies, early peak studies,
where you inject the glycine and immediately after injecting the glycine you start to
take your carbon monoxide samples, and from this you can determine turnover rates
of your cytochromes and you can determine the quantity of ineffective erythropoiesis
and you can determine the extent at which little driplets of hemoglobir corme out of the
retics on the mitochondrion, and so forth. What you see is that you inject the glycine,
and within seconds you're getting your carbon monoxide out and, in fact, the peak of
the carbon monoxide output from the cytochroxnes is at a half hour after the injection.
So, you're righL that it's bound tightly to the hemoglobin, but it's just li'-e it comes in
and pushes it out. It goes real fast. It becomes mixed in rapidly. within seconds,
and it's out in proporticn to its quantity, very rapidly.

MAJOR THEODORE: I just have one more question and then I'll quit. Has anyone
looked at the marrow, per se, by electron microscopy with those techniques where one
wants to look at the red cell mitochondria, since hemoglobin synthesis in the red cell
precursors occurs at these sites? When you're talking about things like sideroblastic
anemias, etc. where they demonstrate defiritc mi-ochondrial leoioas, I was wondering
if this type of model or analogy was looked at from this basis, since you have presented
evidence that there may be some abnormality of incorporation. If one wants to stretch
his imagination a bit one could lock ,.t this as a sidercblastic type of problem and
therefore maybe looking at the mitochondria and seeing if there arc changes, but this
is in the marrow cells because as the ceils maturate they lose this. This is just another
point. I'm not refuting what you're sa~ying; I'm sayiug some things that maybe one
could look at--

DR. LEON: I don't think--I wouldn't call it abnorrval; I would juct call it decreased.

MAJOR THEODORE: That's abnormal. You're losing 2070 of your red cell mass,
if I understand the data on the astronauts. I think that's significant.

DR. LEON: Well, it'c significant, but it may just be ph siological. I like to
differentiate between a physiological mechanism an6 an abnorma! mechanism. You
can accelerate and decelerate a physiolcgical mechanism. and still not be abnorma,.

MAJOR THEODORE: That's because our people have recoveted.
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DR. LEON: For example, if you go to high altitude you've got an a('elerated
production of red blood cells, and this certainly isrnt abnormal; it's a no: Mal reaction.
That's the point I was making, but I don't know that anybody has looked at the red
blood cells. I think there are people who are very interested in doing it and maybe
some of the electron microscopists in the group might be able to comment on that.

CAPTAIN CHIKOS: The only question I had was you are demonstrating a decrease
in the red cell population, and when one uses a term hemolysis you usually imply a
pathological state of intravascular lysis of red blood cells, and I think it would be
more appropriate to say that you're Just having a decreased survival time for whatever
cause. It might be just accelerated destruction by the spleen in tý'is case, or some
other physiological mechanism.

DR. LEON: Yes, I don't disagree with you. Actually, this technique is extremely
sensitive and it has been difficult for us to actually demonstrate, in these particular
cases, a decreased red cell mass, 4lthough we are going to try to do this next.

DR. CAMPBELL: I was wondering if anyone could comment on the possible forma-
tion and effects by peroxides in these situations, and also, I might disagree with the
allusion made that the only mechanism for red cell fragility might be younger cells,
because I should think that possible direct effects on red cell membranes could also
result in this without there being an effect on the age of the cell.

DR. LEON: Well, with respect to that latter point, I would say that I don't know
of any instance where some toxic or peroxidative agent increases the resistance of
red blood cells to osmotic fragility. It usually decreases their resistance, so--
you're right. This is a weak point, and actually, we are working on the osmotic
fragility quite heavily, tr3 ing to show that the osmotic fragility changes when the osmotic
fragility decreases, that it indicates a younger population. We haven't really proven
that to our satisfaction as yet.

MAJOR CASEY (School of Aerospace Medicine): I didn't get how you ruled out a
stiinulatory effect on the RE system or spleen, that it was a direct effect on the red
cells themselves.

DR. LEON: Well, the rats that were exposed to oxygen at 600 torr for 5 days
prior to the infusion of the 53-day old cells, when they were placed into air, they
actually had a lower breakdown of red blood cells, as indicated by the carbon monoxide
output, than the normals. The red blood cells that were infused, the ones that were
53 days old, came from normal rats, that is, these rats had just been kept in air, so
these %ere untreated red blood cells other than the fact that they were radioactive.
These rats had been in oxygen for five days and then they were immediately injected
with 2 mls of the 53-day old red blood cells and they were put in air right after and the
carbon monoxide ou'.put was determined. The value was actually lower than in the
normal control, but statistically, they were the same, so that you can say that the
breakdown of red olood cells in this group which had been conditioned to the oxygen
was no different than normal controls. So there is no indication from this that the
RE system had been stimulated. If it had been stimulated, it was an on-off stimulation.
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MAJOR CASEY: In this circumstance, don't you get blood mismatches in rats as
well? How much hemolysis was induced here by antibodies? You're taking blood from
one animal and putting it in another.

DR. LEON: These are pretty homogenous rats.

MAJOR CASEY: I don't know how homogenous rats are; that's what I'm asking.

DR. LEON: Nevertheless, this experiment is a controlled experiment, and you'd
see it. This is your control, and part of this output here is actually due to a break-
down of some damaged red blood cells, taking them up in the syringe and infusing
them, so this would form a control on that question that you raise.

This is a normal control, 24.6. This was the air that was placed in the oxygen.
It's 39. 3 and it is significantly higher. These are the ones that had been in oxygen and
were put into air and they're 1 8. 9. They're not significantly different from the con-
trols, but they are significantly lower than this group here, and this is 34. 8. These
were in oxygen initially and were put in oxygen subsequently, so no matter what the
prior condition was, if they were put into oxygen they had high outputs of carbon mono-
xide, and no matter what the prior condition was, if they were put into air they had
low carbon monoxide outputs.

DR. WEIBEL: Well, I don't want to take too much time. I'm going to put some of
the comments I wanted to make in my paper this afternoon where you shall see that
we have found essentially data on the changes in the blood at one atmosphere of pure
oxygen in rats which are quite in keeping with the data that Dr. Leon showed. Actually,
I'm very happy about his findings because as you know they are somewhat different
from what other people have said. We have felt a little uneasy about that. I was a
little worried about your comment that the red cell erythropoiesis would be depressed.
Is this really supported by evidence? Because we found that there was no decrease in
red cell mass; on the contrary, you will see that hemoglobin and hematocrit increased
after 48 and 60 hours in pure oxygen. Of course, you may have the question that this
is probably due to fluid loss, but still for two days when you get no change and where
you get no edema formation, you have very stable hemoglobin and hematocrit in these
rats. Well, I have jusL one question. What was the time in your second experiment
until this extra peak occurred? This was a little compressed on the slide, you know.
The one you gave after 55 days of pure oxygen. What was the tire of the peak?

DR. LEON: We put them into oxygen and immediately started the determination
and we had to take a five-hour determination because there's not much carbon monoxide
coming off. In fact, in a man, a man gives off 0. 4 cc per hour so you can imagine how
much a rat gives off, and we are just mcasuring the radioactive carbon monoxide.
During the first five hours the first point was essentially on the normal curve. The
second day it was already above the baseline, so it's at least within 24 hours. Now,
our last experiment indicates that it happens immediately within the first five hours.

DR. WEIBEL: Yes. I'm very happy about that.
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COLONEL MUSGRAVE (USAF School of Aerospace Medicine): You seem to have
a unique method here and a pretty good fix on the red cell life in these rats and I just
wonder if you have, or plan, to look at the reverse situation under hypoxia to determin
whether the characteristic response is entirely hematopoietic or whether you actually
prolong the life span of the red cell using this technique.

DR. LEON: As a matter of fact, Dr. Landau is doing considerable work oi this.
He is in the Donner Laboratories at Berkeley, he and Dr. Winchell are doing consider-
able work on this. They are also doing considerable work using this technique on
stressed red blood cells, that is, cells produced in reaction to hem wrrhage, cells
that are produced real quickly in response to some stress, and they show, in this
case, that the mean potential life span is progressively shorte.ied, depending on the
severity of the stress or the amount of hemorrhage that is induced. They are doing
work on hypoxia but in that case they do not find an increase in the mean potential
life span. However, in splenectomized rats, they find an increase of four days in the
mean potential life span, so the spleen is a selective organ and it has a select; Vity
of abo'it four days. They do find an increased mean potential life span in hyp'd ani-
mals, but in this case you don't know if it is because of their decreased metabolism
or what, and they are working on that right now.

DR. BENJAMIN: Dr. Leon, your findings have some significant effect on space
flight insofar as at present astronauts are exposed to some 800 mm of mercury pure
oxygen during the launch for several hours. This would indicate that there would be
significant changes of red blood cells which we really did not account for so far. Do
you have any plans to determine the effect in men?

DR. LEON: Well, in the first place, they also had nitrogen in the atmosphere.

DR. BENJAMIN: No, they do not, not during the launch. You see the man is in
the suit, in a pure oxygen atmosphere at about 800 mm of mercury. The cabin of the
spacecraft itself is a mixed gas atmosphere, 6CI7o nitrogen, 4070 oxygen.

DR. LEON: How long are they in this environment?

DR. BENJAMIN: Something like three or four hours.

DR. LEON: Well, Craig Fisher has invited us down next month to talk about
doing some work, aaid I don't know what the plans will be, certainly, it's worth
keeping what you said in mind. I assumed that they had been in a mixed gas environ-
ment.

DR. COULSTON: Let's get one thing straight, will you? You're working with a
rat. A rat produces extramedullar hernatopoiesis all over the place. I would suggest
very strongly that some histopathology be done and that you pick a species that is more
likc man and not extrapolate too much from the rats to men. I think the experiment
is beautiful. It's a rice experiment. But put a monkey in a little capsule. lie doesn't
have extramedullar erythropoiesis all over the place. This may explain your young
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population of cells very easily, because the mobilization of these young cells can be
very quick--under the terms of all the torrs that you used and the oxygen you used.
I don't know if this is correct but it could be.

DR. LEON: I agree with you, we should do it on another species. We hope we
can do it on man.
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INTRODUCTION

Aerozine-50 is a missile fuel consisting of an equal mixture, by weight, of hydra-
zine and unsymmetrical dimethyihydrazine (UDMH). UDMH has a vapor pressure
approximateiy 10 times that of hydrazine (156. 8 vs. 14. 4 mm Hg at 25 C) (Sutton, 1963).
Because of this difference, a. individual inhaling the vapors emanating from Aerozine-50
will suffer from predominately UDMH intoxication. On the other hand, if .\erozine-50
were spilled on skin, the UDMH would vaporize leaving a residue of hydrazine to be
absorbed percutaneously, resulting in predominately hydrazine poisoning. Analyticai
chemical determinations have shown that the vapors emanating from Aerozine-50
are approximately 85 per cent UDMH and animal experiments indicatc thai appwoximatel.
95 per cent of the effect following skin contamination with Aerozine-50 is due to the
bydrazine component of the mixture (Little, 1960).

On the basis of animal experiments, the outstanding effect following exposure to
UDMH is central nervous system stimulation ranging from tremors to convulsions
(Back, 1962). Serious systemic sequelae after exposure to hvdrazine include: tremors,
con-ulsions, fatty liver, interstitial nephritis, ancmia, and disorder,; of glucose meta-
bolism (Krop, 1954'. Both compounds are irritating to the cves, skin and rc.piratorv
tract (Sutton, 1963).

141



AMRL-TR-69-130

Pyridoxine, a form of vitamin Be, has been shown to be an effective protective and
therdpeutic agent in experimental UDMH toxicity (Back, 1963; Reeves, 196" Weir,
S964). It has been found to be ineffective in the protection and treatment of acute
experimental hydrazine poisoning (O'Brien, 1964; Tirunarayanan, 1956; Weir, 1964).

With this difference in the effectiveness of pyrdoxine. 'he question arises 4s to
what therapeutic regimen would be appropriate in the treatment of acute Aerozine-S0
toxicity. Should pvridoxine alone be used, or should pyridoxine in addition to barbit-
uates or other anticonvulsants be used? These experiments were designed to answer
these questions.

MATERIALS AND METHODS

All cxperiments were performed using anhydrous hydrazine (974o) and anhydrous
UDMH (99-6()) obtained from Matheso:-., Coleman, and Bell, Cincinnati, Ohio; pyridoxine
hydrochloride (PIN-HCL) obtained from Eastman Orgc'nic Chemicals, Rochester, New
York, and sodium phenobarbital from Merck & Co., Inc., Rahway, New Jersey.

In order to simulate the various routes of possible exposure, three types of hydra-
zine/UJDMH mixtures on a weight basis were prepared: 8C% UDMH/2(F. hydrazine
(80(J20H), simulating inhalation exposure: 507 UDM1{/50• hydrazine (5OU50H), simu-
lating ingestion; and 8070 hydrazine/2070 UDMH (80H20(K), simulating skin exposure.

White, male, non-fasting ICR mice weighing 26 ± 3 (1 S. D. ) grams were injected
intraperitoneally (i. p. ) with a dose of the mixture sufficient to kill 84 per cent of the
n-,ce in one week. Subsequently, pyridoxine HC1 was injecceeI intravenously in dopes
ranging from 1 to 320 mg/kg.

Preliminary investigation revealed that coaivulsions and death occurred as early as
10 minutes after receiving the 50 per cent and 80 per cent hydrazine mixtures. There-
fore, a 5-minute interval to the injection of the therapeutic agent was chosen for these
particular mixtures. A 30-minute interval was found to be satisfactory for the 80 per
cent UDMH mixture. When Na-phenobarbital was used, it was administered i.p. 5
minutes after the hvdrazine mixture.

A control ,roup was :.njecte-d i.p. with the toxic fuel mixture followed by injection
of sterile %30 using comparable time intervals. Twer.:y; mice were used at each dose
level of therapeutic agent under study (10 treated and 10 control). The animals were
houscdd in individual observation cages for four hours and during this time were ob-
s.erved for convulsions a,.J death. Following this period, they were gang cag,:.l and
mortality recorded every 24 hours for 7 da~s. All solutions were prepared daily
using deionized diutilled iH,0 and were administered in a volume of . 01 ml gram io'xjý
weight.
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The livers of the 10 mice surviving the 80 per cent hydrazine mixturc and 10
normal livers were submitted as unknowns to two pathologists who compared them as
to the amount of fat present on hematoxylin and eosin stain.

The statistical method if Litchfield and Wilcoxon (1949) was used iuI computing
the dose effect curves and two tail students "t" test of proportions was used in evaluat-
ing the effectiveness of treatment.

RESULTS

The seven-day i. p LDS0, LD84 and the slope functions of hydrazine, UDMH and
their mixtures are shown in table I. Figure 1 shows that hydrazine is the major con-
tributor to the toxicity of the 50 per cent and 80 per cen( hydrazine mixture. It also
shows that the amount of UDMH in the LD50 of the 80 per cent UDMH mixture is greater
than the amount in the LD50 of plain UDMH. This observation represents a statistically
significant diff, rence (p < . 05) and suggests that a low proportion of hydr'azinc may
antagonize the toxicity of UDMH in hydrazineiUDMH mixtures. This finding is being
investigated further at the Toxic Hazards Division, Wright-Patterson AFB.

TABLE I

7-DAY LD5O, LD84 AND SLOPE FUNCTION OF HYDRAZINE,
UDMH AND THEIR MIXTURES

Compound LD50 mg,'kg LD84 nig. kg Slope Function

t1-drazine 82( 77- 87)* 2( 87- %) .131.07 - 1.20)

IDMI-H 125 (117-134) 150 (134-168) 1.21 (1.07 - 1.34)

F 5,0V 01 147 (140-154) 162 (156-168) 1.10 ( .)5 - 1.14)

8W'2011 lQ0 (176-205) 230 (213-248) 1.20 (1.11 - 1.30)

801120' Q2 ( 84-101) 110( -122) 1.20 (1.08 - 1. ,)

) nuvmbcrs -w parenthesis arc o-S cnti,. ncc hlmitS
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Figure 1. THE LD 50 OF HYDRAZINE, UDMH AND THEIR MIXTURES.
The hydrazine component is shaded in.

The effectiveness of pyridoxine HCl in the treatment of toxicity due to these hydra-
zine mixtures is shown in table II. The J per cent UDMH mixture was sensitive to
the PIN-HCL and 20 mg/kg i. v. resulteu in 100 per cent survival. As the proportionof hydrazine was increased, the effectiveness of PIN-HGL decreased, requiring 80
mg/kg to achieve 100 per cent survival against the 50-50 mixture. These 100 per
cent survivals are significantly (p < . 001) better than the untreated survival.

Even with doses of PIN-HCL as high as 320 mg/kg, 100 per cent survival could
not be achieved against the 80 per cent hydrazine mixture. In fact, little improvement
in survival occurred with doses of PIN-HCL above 80 mg/kg. Na-phenobarbital,
therefore, was administered in addition to this dose of PIN-HCL.

The administration of 40 mg/kg Na-phenobarbital i. p. in addition to 80 mg/kg
PIN-1IOL resulted in 100 per cent survival of 10 mice poisoned with the 80 per cent
hydrazine mixture (table III). This 100 per cent survival is better than the 70 per
cent survival achieved with 40 mg/kg Na-phenobarbital alone (table IlI) or the 80 per
cent survival obtained with 80 mg/kg PIN-HCL alone (table II). These results are
highly suggestive even though the number of animals in this group was 0OO small for
meaningful statistical analysis. It is important to note that phenobarbital certainly
did not increase the toxicity of the hydrazine mixture.
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TABLE II

PYRIDOXINE IN AEROZINE TOXICITY

Dose of Mortality per 1U Mice
Pyridoxine 80U 20H 50U50H 80H20U

Control* 82 (88)** 93 (75) 88 (74)

1 mg/kg 60 (50)
2.5 mg/kg 30 ( 0)
5 mg/kg 10(10)

10 mg/kg 50 (50)
20 mg/kg 0 ( 0) 20 (10) 40 (40)
30 mg/kg 20 (20)
40 mg/kg 20 (40) 50.(60)
60 mg/kg 10 (30)
80 mg/kg 0 ( 0) 20 (30)

160 mg/kg 30 (40)
200 mg/kg 10(20)
240 mg/kg 10(10)
280 mg/kg 20 ( 0)
320 mg/kg 20 (10)

* Based on 50 or more artmals.
** ( ) represents % convulsions during 4 hours' observation.

TABLE III

PIN- HCL AND Na-PHENOBARBITAL IN 80H20U TCXICITY

Dose of Dose of Mortality per 10 Mice
Phenobarbital PIN- HCL Treated Control

5 mg/kg { !0 (8)* 8 (6)
20 mg/kg 6(2) 10(7)
40 mg/kg 3(2) 10(7)
20 mg/kg 80 mg/kg 1 (0) 8 (8)
40 mg/kg 80 mg/lkg 0 (0) 10 (8)

* ( ) represent convulsions per 10 mice.
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Convulsions were usually followed by death (tables II and I1). Occasionally an
animal recovered. In table I1, it is 3hown that 88 per cent of the untreated mice in-
jected with the 80UJ20H mixture convulsed and 82 per cent of them died.

A very high percentage of all untreated animals died within 24 hours of the injection.
In all treatment groups, death was delayed and seldom occurred after 72 hours (table
IV).

The characteristic fatty liver of hydrazine poisoning was not seen in the 10 mice
surviving the simulated skin exposure.

TABLE IV

MORTALITY BY DAY*

1 = 2 3 4 5 7 Total

9 1 1 0 1 0 0 12Treated **50U50H • b0 • b0 b- • •I b-
ý U 66 6U T U MU 0

56 0 0 0 0 0 0 56Control 60 60 60 60 60 60 60 60

Treated ** 80U20H 9 1. 0 0 0 0 0.._ 10
50 50 50 50 50 50 50 50

41 0 0 0 0 0_ 0 41Control 50 50 50- 50 50 50 50 50

Treated 80H20U:

PIN.HCLAlone 15 0 2 3 0 0 0 208UN HCL Uln 8"0 8"0 - 8 "0 FO "O 8"O

13 2 4 0 0 0 0 19Phenobarbital A lone ,u •- - ' - - " 3"0

0 1 0 0 0 0 0 1PIN. HCL + Phenobarbital T o M 2-' To T y-0 9

Control 09 0 6 1 0 0 0 116
Mo 1t 'K M-5 r• u i-- -1 -1

- Numerator = number of dead mice; denoinator = totFal iiiI ot mice Injected.
•* Treated with varying doses of PIN. HCL alone.
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DISCUSSION

As mentioned earlier, pyridoxine has been shown to be effective against experi-
mental ULDMH toxicity. Our finding of its high degree of effectiveness in the treatment
of simulated inhalation exposure was not surprising. Reported human cases of systemic
hydrazine, UDMH and Aerozine-50 intoxication are rare. Frierson (1965) reported
the case findings of six workers accidentally exposed to the inhalation of Aerozine-50.
Their symptoms of nausea, vomiting, headache, tremors, shakiness ard weakness
cleared within 20 minutes following treatment with pyridoxine HCI. Two of the cases
developed pulmonary edema which cleared with steroid therapy. These case reports
lend additional support to our finding that PIN-HCL was effective against a simulated
inhalation exposure.

Medina (1964) found that pyridoxine (0. 5 mrl/kg i.p. ) did not afford protection to
rats poisoned with an i. p. LD90 of 50o hydrazine/507o UDMH by volume. The reason
for the difference between his results and ours is not known. It may perhaps be related
to different methods of study - mice vs. rats; unbuffered vs. buffered solutions; i. v.
vs. i. p. pyridoxine; and the matter of preparation of the hydrazine/UDMH mixtures.
On a volume basis, the mixture will be relatively hydrazine rich as compared to our
method of mixing the solutions on a weight basis.

Some support to our finding that PIN-HCL was effective against a simulated in-
gestion exposure to Aerozine-50 may be inferred from a case report by Reid (1965).
He describes a sailor who accidentally ingested an unknown quantity of dilute hydrazine.
A few minutes later he vomited and lapsed into unconsciousness. No convulsions were
noted. Approximately 12 hours later the patient was critically ill with shallow and ir-
regular respirations. At that time vitamin B6 and 10 per cent dextrose were administered
and the patient began to show hour by hour improvement. At the time of the case re-
port he had partial return of L's CNS function.

The exact mechanism of action of pyridoxine HCI in protecting animals from death
due to UDMH is not known. It may be related to the findings that certain hydrazine
derivatives inhibit the formation of pyridoxal-5-phosphate, an important coenzyme
in the metabolism of gamma aminobutyric acid (GABA). GABA is felt to be one of the
inhibitors of synaptic transmission in the central nervous system. This relationship,
unfortunately, is not quite that simple and many conflicting reports exist in the litera-
ture as discussed by Holtz and Palm (1964).

Na-phenobarbital was chosen as the anticonvulsant because it hag been shown to be
a fairly effective protective agent against death due to plain hydrazine and UDMH (Weir,
1964). It is also a commonly used drug in the treatment of status epilepticus and is
felt to produce less respiratory depression than shorter acting barbiturates (Gutrecht,
1969). Back et al (1963) have expres3cd concern ,h.,t tarLit,,rates may further depress
respirations which have already been compromised by UDMH. Our finding that pheno-
barbital exhibited a fair degree of protection when administered alone is thus signifi-
cant. With higher doses of the toxic mixture, this relationship may not exist. This is
an area which warrants further investigation.
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The finding that death seldom occurred after 72 hours and that the characteristic
fatty liver of hydrazine poisoning was not seen in the mice surviving the 80 per cent
hydrazine mixture may be related to the reports that the fatty livers of rats given sub-
lethal doses of hydrazine return to normal in 72 hours (Amenta, 19W"2; Reinhardt, 1965).
Cole et al (1953) also found that mice surviving hydrazine poisoning after treatment
with a short acting barbiturate and Na-pyruvate did not show the characteristic fatty
liver of hydrazine intoxication.

More research needs to be done with pyridoxine and phenobarbital against higher
doses of the mixtures and preferably in a species when injection therapy can be in-
stir,ited more readily after convulsions begin. Until more definitive work is done,
however, the following approach to an individual who has suffered a severe skin exposure
to Aerozine-50 seems reasonable. At the first sign of symptoms - nausea, emesis, or
convulsions, pyridoxine HCl 25 mg/kg may be administered according to the method of
Back et al (1963). In a 70 kg man this would be a total dose of 1750 mg. Four hundred
milligrams of this dose may be injected i. v. and the remaining dosage given intra-
muscularly in several different sites. If the patient is convulsing, Na-phenobarbital
( 5 mg/kg) may be administered slowly by intravenous route, with careful monitoring
of the patient's respirations and blood pressure. This dose of phenobarbital and
pyridoxine may be repeated in 20 to 30 minutes if necessary.

Other aspects of therapy to be considered are: adequate hydration; removal of
contaminated clothing; thorough washing of the skin; careful monitoring of the patient's
vital signs, blood glucose, renal and liver function studies and hematologic status.

We wish to emphasize that this therapy is based on animal experiments but its
use appears justified in an emergency situation in view of present knowledge.

SUMMARY

Pyridoxine hydrochloride was shown to be effective in the treatment of a simulated
inhalation and ingestion exposure to Aerozine-50 in mice. It was only partially effective
in the treatment of simulated skin exposure because of the predominance of hydrazine
toxicity. Administration of phenobarbital in addition to pyridoxine resulted ij 100 per
cent survival of 10 animals simulating skin exposure. This study suggested a possible
approach to therapy of Aerozine-50 toxicity.
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DISCUSSION

DR. JACOBSON: I'd like to ask one question, and I'm not sure that I read your
slide correctly, but in the treatment of the hydrazine--dimethylhydrazine mixture,
with barbiturate and pyridoxine, you got essentially no mortality.

DR. AZAR (E. I. duPont de Nemours & Company): Yes.

DR. JACOBSON: But there is essentially no mortality among controls either. Did
I read that correctly?

DR. AZAR: You read it incorrectly.

DR. THOMAS: Could we have the slide back?

DR. AZAR: Could I have the next to the last slide there, please?

(Slide)

DR. AZAR: I believe that the mortality usually was 8 out of 10 with the 80%0
hydrazine mixture, very few control groups where the mortality was less than 80%.

DR. THOMAS: By control, you mean untreated?

DR. AZAR: By control I mean untreated. Here I had ten out of ten die.

DR. JACOBSON: Yes, I read that as 10W die. That was my error.

CAPTAIN CHIKOS: I have two questions. One deals with the fact that you men-
tioned one of the compounds gives hypoglycemia, and I think from looking over some of
Dr. Carter's data, it gets down to 30-40 milligrams percent. I wonder if you advocate
any glucose therapy in that case.

DK. AZAR: I advocate careful following of the patient's blood glucose and if the
patient is getting hypoglycemic, administer glucose. As a matter of fact--I don't know
if you're familiar with the human experience with toxicity due to these compounds, but
Reed reported a case of a sailor whc was a little inebriated, who drank some dilute
hydrazine on board ship, an unknowi. quantity, lapsed into unconsciousness, did not
convulse, but ;omited. About 12 hours later, on his flight from South Africa to Paris,
he became critically ill, with shallow respirations and a decreased blood pressure.
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At this time they started 1WO glucose and Vitamin B6; they didn't specify the form,
and the patient began to show hour by hour improvement. At the time of the case re-
port he had had partial return of the central nervous system function. He still had
some ataxia, residual, and his memory was intact and he was having a gradual return
of the ability to write clearly.

CAPTAIN CHIKOS: The other comment I might make is that generally in dealing
with convulsive disorders, in the clinical situation, you draw up about a 10 cc full
syringe of one of the barbiturates. . . and that might be a better way of controlling
convulsions, if they are occurring, rather than to give a predetermined dose and wait
20 minutes, because you can usually control the convulsions without causing respira-
tory depression. You just inject the barbiturate until you get cessation of convulsions
and then stop at that point rather than a set dose.

DR. AZAR: You're right. I would agree with that. I meant to imply this, but
I feel you should not exceed the dose of 5 milligrams per kilogram at a particular in-
jection, and Mx. Back and his group have pointed out the need for caution in using bar-
biturates because these compounds may depress the central nervous system on their
own, and so you must be careful in administering a barbiturate and monitoring respi-
rations.

DR. LAWTON (Nay. Ord. Environmental Health Center): I was wondering why
you chose phenobarbital rather than one of the faster acting barbiturates.

DR. AZAR: This is a commonly asked question and a point that is debated between
neurologistt,. I'll clarify this by saying I am not a neurologist, but it is gcrnerally felt
the longer acting barbiturates do not depress the respirations as much as shorter
acting barbiturates. Anotber reason I chose phenobarbital in experimental hydrazine
poisoning is that it has been shown to be an effective protective agent giving a fair de-
gree of protection against experirr -xital hydrazine poisoning. Does that answer your
question?

DR. LAWTON: Yes. Normally, though, the people we're dealing with, say,
aboard a ship where they might have an exposure, the first thing they would think
about would be using amylbarbital.

DR. AZAR: I think this would depend on the physician seeing him, because, as
I meant to imply, there are two schools of thought on this. Depending on which school
of thought the physician was trained under. At Pittsburgh neurologists recommend for
status epilepticus the use of sodium phenobarbital, intravenously. If the individual
is using a shorter acting barbiturate he's going to have to be just as careful in watching
the pat4-nt's respirations.

DR. HODGE: We tell our medical students that phenobarbital is almost unique
among barbiturates for its anti-convulsant action.

DR. LAWTON: There's a difference in lime, though, of onset. Th1at's the pro-
blem. When we're dealing with a patient in an emergency situation, you want to get
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him to stop convulsing as quickly as possible, and amylbarbital is much faster.

DR. AZAR: I would agree with you, but I have used sodium phenobarbital intra-
venously in the treatment of status epilepticus in an emergency situation and it has
worked perfectly well for ine.

DR. JACOBSON: A number of people seem rather interested in this. Do I inter-
pret correctly that you all want to comment on barbiturate therapy in convulsionL'

FROM THE FLOOR: Yes.

DR. JACOBSON: There's quite a bit of interest in this. Let me suggest, rather
than taking the time away from the next paper, that we postpone this particular segment
of discussion ,intil the open forum after lunch.
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INTRODUCTION

Monomethylhydrazine (MM1[) is a fuel used in rocket propulsion systems and
consequently represents an exposure hazard to fuel manufacturing and handling personnel.
The investigation of MMI-I toxicity has been a subject of great interest although the
major research emphasis has been placed upon oral, intravenous, and percutaneous
introduction of this chemical agent at lethal or supralethal dose levels. The c3mpara-
tive toxicities of hydrazine, UDMH, SDMH1, and MMH were reported by Witk.n (1956).
Witkin demonstrated that there was little difference in toxicit,, between these compounds
when administered by the oral, intravenous and intraperitoneal routes. The principal
action of the hydrazines was effected upon the central nervous system producing severe
convulsions resulting in death. Reynolds and Back (1966) reported decreased perfor-
mance in trained primatas at subconvulsant doses of MMH (2. 5 mg/kg). 'he perfor-
mance decrement appeare,! prior to or in the absence of clinical signs of MMH intoxica-
tion. Similar changes in the learned performance of cats have also been reported
(Sterman, 1968).

Acute inhalation studies of MMH toxicity have been reported (T"wohson, 1QS.;
Haun, 1968) for four animal species (dog, monkey, rat and mouse). Thc pertitient
findings of these studies conducted at near lethal atmospheric concentrations form the
basis for the EEL studies.

A cotsistent finding in the nonfatal exposure of dogs to cc2lcvnrtrationsl c, MMII at
or near the approximate IlC,,value was a transient hemolytic anemia characterized by
significant decreases in hematocrit, red blood cells, and hemotglobin which conzinued
for several days pos:exposure. The destruction of re-d blood cells was acconmpanied
by an :.,crease in reticulocvtes during the period of maximum decline of hemarocrit
levels. The process of recovery was complete within 30 days postexposure at which
time normas values of the affected blood parameters were observed. Spia.1 grcxips of
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Macaca mularta monkeys were exposed to MMH to determine their response relative
to the squirre-l"mordceys previously exposed. On the basis of results from one-hour
exposure periods, and in view of the finding that other species have shown a rather
predictable response to a CT (concentration x time) gradient, Rhesus monkeys are
more resistant to the acute effects of MMH than either the squirre', monkey or the
dog. One-hour exposures to concentrations at or above 170 ppm proved letha!, whereas
exposures ranging from !20-160 ppm did not; this response places the Rhesus monkey
between the rat and the mouse in susceptibility to MMH. An approximate one hour
LC• of 162 ppm MMH was determined for this species.

Exposure of Rhesus monkeys to maximal nonlethal concentrations of MMH has
shown that the typical hematologic response exhibited by dogs is not demonstrated by
this subhuman primate; there is but slight evidence of the anemia previously described
for dogs. This finding is in agreement with reported studies on the effects of injected
monomCthylhydrazine (Pinkerton, 1967) which have shown that erythrocyte hemolysis
in the monkey is minimal (approximately 10•o reduction of RBC's with rapid recovery).

A common gross pathologic finding in all species, following lethal exposures to
MMH, was pulmonary congestion with some hemorrhage, hepatic congestion of varying
degree, and swelling of the renal tubular epithelium which was frequently glassine and
eosinophilic in appearance, in large animals, whose brain tissues were examined, sub-
arachnoid hemorrhage was frequently observed. This response was probably related
to the severe convulsions observed, as was the consistent finding in dogs of remarkably
bloodless spleens in which the sinusoida were virtually empty. In some cases, the
splenic smooth muscle bundles appeared thickened and contracted.

The amount of visceral congestion and hemcrrhage observed was not sufficient to
produce death and could only be attributed to CNS damage as previously reported by
Jacobsen (1955).

In ,',nimals that survived near lethal exposures to MMH and we1 e killed serially
over a neriod of approximately 60 days postexposure, the visceral congestion was still
apparent although not as severe as in those animals that died during exposure. The
most common and persistent finding, however, was renal damage which ranged from
mild swelling of the tubular epithelium to vacuolizationand coagulative necrosis of
those epithelial cells.

The primary purpose for the investigation and definition of MMH LC• values was
to form some basis for subsequent studies designed to assist in the interpretation of
emergency exposure limits (EEL) for man. The basic philosophy pertaining to Short-
Term I.imits and Emergency Exposure Limits (EEL's) for inhalation of toxic •,,•bstances
has been frequently discussed by others (AIHA: 1964; NAS-NRC, 1964; Smyth, 1966)
and will not be reiteratea here. Very briefly, however, the term 'EEL' refers to a
"single event" limited exposure which is not expected to incapacitate sufficiently to
prevent escape. Such an exposure would be one where the occurrence was possible
but unpredictable and where an individual so exposed would n• encounter the sub-
stance again until careful study indicated either no inj).,ry or, in the event of injury,
a complete recovery. Emergency inhalation expe.qu, .,s, therefore, are not to be assoc-
iated with acceptable concentrations in a work environment atmosphere.
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EEL's currently in use for MMH are 3, 7, and 10 ppm for 60, 30, and 10 minutes,
respectively. On the basis of animal response to acute MMH exposures, and in view
of the purpose for recommendation of EEL's, it appeared that higher values for MMH
might have been warranted. Accordingly, some experimentation was necessary for
clarification of this point, and the rationale for such experimentation is given below.

The plot of LC's for each of four animal species tested is shown in figure 1.
Plots of MMH concentration versus time permit extrapolation of the best fit lines through
the respective LC,, values and yield a theoretical straight-line dose-response for each
species. Thus, from a theoretical viewpoint, two rodent species (rats and mice) ex-
posed continuously to 3.5-5 ppm of MMH would exhibit a 5W. lethal response following
approximately one week of exposure, whereas beagles and squirrel monkeys at this
exposure would show 507, response at approximately one day (24 hours). Preliminary
experiments with Rhesus monkeys, however, indicated a response midway between
that shown for mice and for rats. The squirrel monkeys, therefore, represent the
most susceptible species tested.

CO.s VKALUES OF LOUR SPEC.ES

----0T LEGEND
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500 0MOUSE
tit -O•O[-0 BEAGLE |
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Figure 1. ACUTE TOXICITY OF MONOMETHYLHYDRAZINE (MMH)
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It is well-known that the plot of theoretical values cannot be considered as a true
dose-response relationship; the reactivity of MMH and the body defense mechanisms
undoubtedly negate such an empirical response. Even so, the straight-line plots shown
in figure 1 should represent the maximum possible response.

In this context, then, experiments were designed to indicate the validity of recom-
mended EEL's for MMH. Current EEL's are shown as point plots in figure 1. Note
that a straight-line dose-time relationship has not been recommended. If this had been
applied, however, the 10-minute EEL would have been set at approximately 30 ppm of
MMH rather than at the currently suggested 10 ppm.

The MMH concentrations selected for EEL testing on the four animal species
(rat, mouse, beagle dog, and Rhesus monkey) were based on a CT dose of 900 ppm-
minutes. This CT value was approximately 25% of maximum nonlethal concentrations
for the most susceptible species, the squirrel monkey, and was also five times higher
than the current EEL values adopted by the National Academy of Sciences - National
Research Council Advisory Center on Toxicology. The selected concentrations were
15, 30, and 60 ppm MMH for single exposure periods of 60, 30, and 15 minutes res-
pectively. Rodents and most dogs and monkeys were killed at 1, 3, and 7 days post-
exposure for pathological evaluation. A second grouping of two dogs and two monkeys
exposed to each MMH time-concentration group were used for pre- and postexposure
blood sampling. They were also killed 30 days postexposure and tissue specimens
were submitted for histopathology to determine reversibility of injury should any such
have occurred from the MMH exposures.

Small groups of rodents, both rats and mice, were subjected to higher time-con-
centration exposures; namely, 150, 75, and 40 ppm MMH for 15, 30, and 60 minutes
respectively.

RESULTS

No significant differences between MMH exposed and control t odents were observed
at any of the six selected EEL test concentrations. The mean pre- and postexposure
weights of the MMH exposed rats and their controls are summarized in table I. The
three individual groups of the 2250 ppm-minute and 900 ppm-minute CT exposures
have been lumped together since there were no significant differences among them.
Organ to body weight ratios are presented in table I1 for the same groups of animals.
Again, no significant differences were observed at either the 900 ppm-minute or the
2250 ppm-minute dose ievels.

N(_ý effects on body weight were observed in either dogs or monkeys exposed to
the three 900 ppm-minute MMH exposure systems. At necropsy both species exhibited
mild transitory changes which consisted of minimal congestion with slightly increased
pigmentation of the renal cortex. These changes had completely resolved by the 30-
day sacrifice period.
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TABLE I

MEAN BODY WEIGHTS OF ALBINO RATS
EXPOSED TO MONOMETHYLHYDRAZINE

(weight in grams)

Days Postexosure No. of

0 3 7 Rats

Exposed: CT = 2250 153 155 166 196 54

Controls 148 155 169 197 27

Exposed: CT = 900 163 167 180 203 54

Controls 163 170 182 205 27

TABLE II

MEAN ORGAN TO BODY WEIGHT RATIOS OF ALBINO RATS
EXPOSED TO MONOMETHYLHYDRAZINE

(organ weight/100 gram body weight)

No. of

Heart Lungs Liver Spleen Kidney Rats

Exposed: CT = 2250 0. 408 0. 695 4. 391 0. 438 0. 950 54

Controls 0. 397 0. 662 4. 537 0. 428 0.940 27

Exposed: CT 9 000 0. 426 0. 667 4. 638 0. 416 0. 938 54

Controls 0. 406 0. 65 4. 583 0. 408 0. 924 27
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Histopathologic evaluation of tissues of both dogs and monkeys necropsied at 1,
3, 7, and 28 days postexposure showed no significant differences from control animals.
Mild pulmonary congestion was seen in some dogs on the third postexposure day but
this is not believed to be related to the MMH exposure. It was not seen in animals
necropsied at subsequent postexposure periods. An additional group of dogs exposed
to 15 ppm MMH for one hour for evaluation of clinical chemistry parameters was also
negative with respect to pathologic effects.

No clinical signs or symptoms of CNS changes could be observed in any of the
four animal species exposed to MMH in the EEL test series. There was also no indi-
cation of respiratory irritation as had been observed during MMH inhalation exposures
near the LC,, concentration.

Biochemical determinations on blond specimens taken from both dogs and monkeys
exposed to the three concentration time periods remained within normal ranges, with
the exception of glucose values. The drop in postexposure glucose values was believed
to be related to increased laboratory temperature effects on the enzyme method used
resulting from construction activities in the laboratory. Consequently, an additional
series of five dogs each were exposed to MMH concentrations of 15 ppm and 8 ppm for
a 60-minute period. Baseline values were collected on all dogs for 4 weeks prior to
the MMH inhalation exposure. These MMH exposed dogs and their controls were tested
twice weekly for 7 weeks postexposure. Composite weekly mean values for the blood
glucose levels are listed in table III. There were no significant differences between
the exposed dogs and their controls.

TABLE III

BLOOD GLUCOSE LEVELS IN MMH
EXPOSED DOGS AND THEIR CONTROLS

Glucose
mg/100 ml

Weekly E-p osed Exposed
Period CT = 900 CT = 480 Controls

1 99 101 101
Pre- 2 101 101 107
Exposure 3 99 95 103

4 107 107 112

1 106 106 110
2 107 106 109
3 103 104 106

Post- 4 103 105 108
Exposure 5 98 On 105

6 100 99 103
7 98 104 102
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DISCUSSION

An important factor in considering establishment of inhalation exposure limits for
MMH is its rapid oxidation in air and in the animal. Air oxidation begins immediately
and is relatively complete within one hour as reported hy Vernot (1967). The primary
oxidation products of MMH in air are methane and nitrogen. Small amounts of other
carbon containing compounds including CO0 are ,als,) formed. Dost (1966) has described
the metabolic fate of MMH in rats using 14C labeled naterial injected intraperitoneally.
The in vivo oxidation of MMH reaches a maximum rate within two hours and is essentially
complete 3-4 hours postinjection. Approximately 300 of -he metabolized MMH is ex-
creted as methane and about 1070 as CO,. The bulk of the remaining carbon containing
metabolite appears in the urine.

These findings on the metabolic fate of MMH with respect to rate of decomposition
agree with the reported findings of Reynolds and Back (f1966). The performance decre-
ment induced in primates by MMH began 1-2 hours after injection and decreased sig-
nificantly 4-5 hours after injection.

The induction of performance decrement in primates required an MMII dose of
2.5 mg/kg. Calculation of the maximum possible inhaled dose of MMH in the studies
reported herein show it to be 0. 3 mg/kg for the primate or 200 of the dose required
for performance decrement.

In view of the negative findings in all species from MMH inhalation exposures of
900 ppm-minutes and in both rats and mice at 2250 ppm-minutes and the safety factor
for performance decrement, we recommend an upward revision of the Emergency Ex-
posure Limit values for monomethyihydrazine as shown below:

Minutes PPM MMH

10 90

30 30

60 15
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DISCUSSION

MR. WANDS: Dr. MacEwen was kind enough to let us see these data sometime
ago. He came down to Washington and made a presentation to the Committee on Toxi-
cology of this paper, and as a result of that the Committee has considered his recomn-
mendation. About three weeks ago they reached a conclusion, made a recommendation,
and I would like to just throw that out right now for the information of the group. The
committee has recommended to adopt your values of 90 ppm for 10 minutes, 30 ppm
for 30 minutes, and 15 ppm for 60 minutes. They do have, however, one question,
and they are holding this back as a tentative recommendation from their organization
at the moment, until they can be assured that there is no problem of high irritancy
from these concentrations. They are particularly concerned about such things as the
possibility of bronchospasm in event of a spill, or something like that, which might
be acutely incapacitating. You know we did check with you a few weeks ago on this
questioa and your response at that time was that the stuff smells pretty much like
ammonia and is certainly no more irritating than ammonia, and perhaps ,, as
strongly; so with this tentative question in the back of their minds about irritancy,
the committee has adopted your recommendation. I might add one other comment
that here is one more example today of what the Committee on Toxicology can do once
it is given some adequate data. Again, in the past, the data did not justify anything
more than what they had recommended and particularly, they did not feel a CT relation-
ship necessarily existed, particularly for the short terms, and this was why the ten-
minute figure was lower than might have been extrapolated. I do thank you very much,
Dr. MacEwen, for making these data available. It's a very nice piece of work.

DR. MAC EWEN: Thank you. I think this shows the problem of establishing EEL
values. All that was available didn't really give them very good basis for the estab-
lishment of these, and that is what frequently happens, I'm afraid.

DR. JACOBSON: Are there other questions or comments? If there are none
pressing right now, I'll ask them to be held until this afternoon, and what I would
appreciate some discussion of, Ralph, is a little bit more of why the value for ten
minutes is so much different, but I'm just warning you that if we have time I'd like
to quiz you on that this afternoon.
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PAPER NO. 13

ACUTE TOXICOLOGY AND PROPOSED EMERGENCY EXPOSURE LIMITS OF
NITROGEN TRIFLUORIDE

Edmond H. Vernot
and

Charles C. Haun

SysteMed Corporation
Wright-Patterson Air Force Base, Ohio

INTRODUCTION

The acute toxicity of nitrogen trifluoride (NF3 ) has been shown by previous investi-
gators (Ruff, 1931; Torkelsjn et al, 1962; Dost, et al, 1968) to be due to massive
formation of methemoglobin, with death ensuing from the resulting anoxia. r'hese
studies did not, however, quantitate the acute toxicity of NF 3 by determination of LCIO
values. The investigations reported here were, therefore, undertaken to evaluate the
LC., at 15, 30, arnd 60 minutes in rats, mice, beagle dogs, and rhesus monkeys.
Additionally, experiments were conducted to determine what short-term exposure
levels of NF3 would have no significant effects on all species tý:sted. The latter series
of tests was carried out to aid in setting up realistic emergency exposure limits.
Present EEL values for NF3 proposed by the Committee on Toxicology, Advisory Center
on Toxicolugy, National Academy of Sciene, National Research Council are 100 ppm
for 30 minutes and 50 ppm for 60 minutes corresponding to a dose level of 3000 ppr.--
minutes.

MATERIALS AND METHODS

Male Sprague Dawley strain rats and ICR mice were exposed in groups of 10 in a
bell-jar chamber of 30 liter volume. Male and female dogs and monkeys were exposed
in a Rochester Chamber described by [faun (09Q). The gaseous NI-, was introduced
into the chamber air stream after passage through a sodium fluoride t, lp to remove
any hydrogen fluoride which might have been present in the NF,.

A gas chromatographic procedure for the analysis of chambler conccntrations of
NF3 using a silica gel column was developed which gave Q5.S confidence limits 4f ±---1_
relative. Analyses mould be performed every two minutes, which was satisfactorv in
the monitoring of a 15-minute exposure. A spectropth',tometric technique was used for
the concurrent determinration of blood turbidity, methcmgwhlohin ar•d ox.heioghlob•in by
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measurement of the absorbance of diluted blood at wavelengths of 720 nri.i 630 mu.
and 578 mp. Although this technique is not as precise as that of Evelyn and Malloy
(1938), it is not subject to turbidity errors as may be the case with that procedure.

For the determination of LC, values, a total of 150 rats, 150 mice 34 dogs, and
32 monkeys were used. LC.,, calculations were made by a computerized version of
the method of Litchfield and Wilcoxon (1949). For each concentration tested during
EEL experiment,, 6 dogs, 6 monkeys, 30 mice and 30 rats were used, with identical
numbers of control animals.

Monkeys and dogs surviving 60-minute LC, exposures were held for six we2ks
during which time hemoglobin, red blood cells, hematocrit, reticulocytes, turbidity
and the presence of Heinz Bodies were determined at intervals of three to five days.
Gross pathological examinations were made on animals dying of acute exposure and on
the survivors at necropsy at varying intervals after exposure. Tissues were also taken
for histo.pathological examination.

Animals exposed to the EEL test concentrations of NF, were held for four weeks
postexposure. The same parameters were measured as in the animalo surviving the
60-minute LC-a exposure.

RESULTS AND DISCUSSION

Acute Exposures

The LC. values calculated from the acute exposure data are listed in table I.
'Examination of table I illustrates the fact that the toxicicy of NF3 is not very high.
Even at wme hour, almost one percent by volume is necessary to cause deaths in 50)
of the animals. The ocher interesting point revealed by table I is that there is a great
difference in the response of different species to NF,. At the 15-minute exposure
interval, twice as high a concentration is necessary to cause S5 deaths in dogs as in.
mc-e.

Fhe lines in figure 1 are "best fits" to the data shown in table 1, plotting NF3
LC, values versus the reciproral of the exposure time. If the classical C-T relation-
ship were applicable, one would expect a straight-line plot through the origin. In the
case of rats and dogs, the expected relationship is demonstrated. However, the lines
for monkeys and mice do not pz-ss through the origin but show an intercept. Another
factor of ii,;erest in the figure is the inversion of toxicity of NF3 to. rats and mice
shown at about 40 minutes expsure. Below this exposure interval, the material
appears to be more toxic to mice than rats while above it the extrapolated line indicat,'s
that rats arc more subject to the lethal effects than mice. In order to test the validity
of extrapoartion arnd to determine whether :here really was an inversion of toxicity at
longer exp(ourL times, rats and mice were 2xpoeed for 120 minutes to 4500 ppm of
N 1.fhis concentration is aboat midway between the theoretical LC, values of the
"Wo species as read from figure 1. h,2e mice experienced 2t3. mortality and the rats
Q(., from,).i this expos;-,!rc indicating :hat the plots in figure I may be, validly extrapolated.
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TABLE i

LC50  VALUES FOR VARIOUS SPECIES, PPM

TIME MIN. R ATS MICE DOGS MONKEYS

15 26,700 19,300 38,800 24ý000

30 11,700 12,300 20,200 14,100

60 6,700 7,500 9,600 9,200

NF 3 TOXICITY
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The equations corresponding to the plot iW figure 1 are shown in table II and
again demonstrate that rats and dogs show a simple C-T relationship while morkeys and
mice do not. There is, however, a linear dose-effect relationship for all species.

TABLE II

LC5 0 - TIME EQUATIONS

Lco IN PPM
TIME IN MINUTES

RATS LC50 X T• 390,000

DOGS LCM0 X T - 600,000

MONKEYS LC so 4,300 + 300 000
T

MICE LC5o ,•,800 + 24J,000
T

Survival in large animals acutely exposed ro NF3 was found to be dependent upon
the amount of methemoglobin produced or, conv'.-rsty, on the amount of oxyhemoglobin
remaining in the blood as measured immediately after exposure. Conversion of more
than 75% of the oxyhemoglobin to methemoglobin, leaving a residue of less than 4 grams
percent oxyhemoglobin, invariably resulted in death of the animal. Hourly measurement
of methemoglobin levels starring Immediately after expo3ure showed a rapid linear
decrease with a corresponding increase in oxyhemoglobin until preexposure levels of
methemoglobin were attained some 5-7 hours postexposlre. Figure 2 is a diagram of
the course of methemoglobin conversion to oxyhemoglobin which was seen in 111 dogs
surviving acute exposures.
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Figure 2

Although methemoglobin returned to baseline levels, oxyhemoglobin concentrations
after disappearance of methemogiobin were about one gram percent lower than pre-
exposure values. Concurre.,tly with this, the turbidity of the diluted blood way higher
after exposure. Since the production of Heinz Bodies is a common result of methemo-
globin formation by such materials as phenylhydrazine (Oandl et a], 1960), the pos-
sibility existed that the postexposure turbidity was caused by denaturation of the hemo-
globin and subsequeni Heinz Body formation. Staining the blood sampled after eXposure
with cresyl blue, a standard vital sta,_n for Heinz Body detection, did reveal the presence
of numerous Heinz Bodies in the red cells. Hemolyzed blood used for spectrophoto-
metric analysis was centrifuged, and staining the residue with cresyl blue disclosed
that it consisted mainly of quasicrystalline granules identical to those seen previously
in the red cells. This was strong evidence that the turbidity in the blood of exposed
animals was, in fact, due to the presence of Heinz Bodies.

Symptomatology during acute exposures appeared to result from anoxia and in-
cluded emesis and cyinosis due to methemcglobin. Gross and histopathological findings
in those animals that died during or after exposure were consistent with a diagnosis
of anoxia and massive methemoglobin formation. These findings included lung congestion,
edema, and focal hemorrhage. Additionally, all organs of the viscera were congested,
showing a pale to dark brown color depending on the degree of methemoglobin forma-
tion. In all animals that survived acute exposures and held two weeks or longer, no

gross or histopathological effects of exposure were noted.
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In order to follow more precisely the course of hematological changes caused byexposure to NF3 , a group of dogs was exposed to 9600 ppm, the LC, concentr.a.tion for60 minutes, and the fourteen survivors held for 40 days. Figures 3 and 4 depict thehematological changes with time resulting from acute exposure to NF 3. The closecorrespondence between turbidity and Heinz Bodies is readily seen in figure 3. Differ-ences between these two plots may be explained by the fact that the Heinz Body measure-ment consisted of counting all red blood cells containing Heinz Bodies. Multipleinclusion bodies in individual cells, although seen, were not recorded. Heinz Bodiesattained a maximum some two days after exposure, remained fairly constant at aplateau for about two weeks, and decreased to zero after three weeks. Reticulocytedeterminations gave fairly scattered results, but appeared to peak at about 6%0 afterthree weeks, returning to normal after 30 days.

HEMATOLOGICAL PARAMETERS•J0.45/. AFTER EXPOSURE TO 60 MIN. LC50 CONC.0.4-

0.13 
=

Q2_
0.14

60

20 30

Figure 3
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HEMATOLOGICi-. K PARAMETERS
AFTER EXPOSURE TO 60 MN LC50CONC,

2t

43 6

1020 30
ORS "QTEVOR

Figure 4

As illustrated in figure 4, red blood cells, hemoglobin and hematocrit all showed
approximately the same 33% decrease to a minimum about 2 weeks postexposure. The
hematologic measurements then increased slowly, reattaining normal values at the end
of the holding period. The picture presented is one of a typical Heinz Body anemia
caused by intoxication with chemicals such as aniline, nitrobenzene and phenylhydrazine
(Necheles and Allen, 1969), (von Oettingen et al, 1947) and elwyn, 1955).

Emergency Exposure Limit Studies

As noted r'reviously, the NAS-NRC has set a tentative NF3 EEL dose of 3000 ppm-
minutes for 30 ,nd 60 minutes. Since our work had indicated that the acute effects of
NF., were caused by anoxia due to methemoglobinemia and that the anenlia following
acute exposure was reversible, it was decided tc perform a number of experiments at

subacute levels to determine whether the NAS-NRC EEL. dose represented a redlistic
value or whether it could be revised upward.

The acute effects of carbon monoxide, like those of NF.,, result from anoxia and,
since the EEL dose of CO is based upon a concentration converting 15,%. of the oxvhemo-
globin to carboxyhemoglobin, an NF, dose converting l.-, hemoglobin to methemrnozlobin
was thought wo represent an EEL value suitable for testing. initial experimnints indicated
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that a 120, 000 ppm-minute dose of NF3 would cause 15%0 conversion of hemoglobin to
methemoglobin. Therefore, dogs, monkeys, rats, and mice were exposed to this dose
for 15, 30, and 60 minutes. As table III shows, the aim of 15%o conversion was fairly
well achieved in all the exposur'es. No adverse symptomatology was noted during ex-
posure, and no effects on body weight gain during the 28-day postexposure holding
period or on organ to body weight ratios at necropsy were seen. Gross and histopatho-
logical examination revealed no differences from unexposed animals.

TABLE III

METHEMOGLOBIN PRODUCED BY N F3 ,

APPROXIMATE 120,000 PPM -MIN. DOSE

TIME, MIN. CONC. PPM MHB, % RELATIVE

DOGS MONKEYS

15 7,000 19.2 16.5

30 3,500 12.1 13.1

60 2,000 14.4 10.3

Hematological parameters of the dogs and monkeys were followed during the 28
days postexposure with no significant change from controls on the part of monkeys.

The dogs, however, demonstrated decreases in HCT, HGB, and RBC with minimum

values being re-'ched at time periods comparable to those after acute exposure. As

is shown in table IV, the average decrease in these parameters was 16% compared with

3Y for the acute studies. Thus, even though the tested dose was only 20F of the LC.0

dose, the decreases in HCT, HGB, and RBC averaged 50% of the LC, values. These

effects were important enough to remove from consideration the use of 120, 000 ppm-

minute NFa as an EEL dose because individuals with various types of anemia might be
adversely affected by such decreases.
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TABLE IV

COMPARATIVE HEMATOLOGICAL EFFECTS IN DOGS

EXPOSED TO TWO LEVELS OF NF3

LC50 DOSE EEL DOSE
(600,000 PPM- MIN.) (120,000 PPM-MIN.)

PARAMETER DAYS TO-% DECREASE -DAYS TO-% DECREASE
MNMUM MINIMUM

HCT 9-I' 35 7-10 15

HGB 9-14 33 10 18

RBC 14-20 30 10-14 16

Since it appeared that methemoglobin formation was causing the Heinz Body anemia,a study was instituted to determine the maximum NF3 dose producing no measurable
methemoglobin in dogs within the precision of the technique used. Dogs were exposedto various concentrations for 60 minutes, immediately after which the methemoglobincontent of the blood was measured. Reference to table V demonstrates that an approx-imate 30, 000 ppm-minute dose showed 2. 27 conversion of hemuglobin to methemoglobin.Since this is below the precision of the technique, it was concluded that this NF, con-
centration had no effect on the blood

The EEL experiments previously carried out using a 120, 000 ppm-minute dosewere repeated for all species, using the 30, 000 ppm-minute dose. Again, as expected,no changes in body weight glin rate were noted during the 28-day postexposure periodor in organ to body weight ratio at necropsy. Gross and histopathology were alsonegative. This time, in dogs, the hematological parameters HCT, HGB and RBC showedno decrease when compared to controls during the postexposure holding period. Allthe measurements made indicated that exposure to 30, 000 ppm-mi'.utes at 15, 30,
and 60 minutes had no detectable effect on any of the species tested.
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TABLE V

METHEMOGLOBIN PRODUCED IN DOGS

BY VARIOUS DOSES OF N F 3 *

CONC., PPM DOSE, PPM - MIN. MHB, % RELATIVE

1,075 65,000 9.7
510 31,000 2.2
290 17,000 0.0

*60 MIN. EXPOSURE TIME

The results of the final EEL exposures provide strong evidence that the proposed
NAS-NRC EEL dose of 3000 ppm-minutes is unrealistically low. That it was set low
is understandable in view of the fact that very little data were previously avai!a!,le on
the effects of NFP at subacute concentrations. However, the t,,dies reported in this
paper have demonstrated the safety of subacute exp.oure sufficiently to recommend re-
vising the NAS-NRC EEL dose upward tu 30, 000 ppm-minutes. Table VI compares the
recommended NF 3 EEL cciicentrations and times with rhe current proposed NAS-NRC
values.
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TABLE VI

COMPARISON OF RECOMMENDED

EEL'S WITH NAS-NRC VALUES

RECOMMENDED NAS-NRC

DOSE-30,000 PPM-MIN. DOSE- 3,000 PPM- IN.

TIMEMIN. CONC.,PPM TIME ,MIN. C PPM

15 2,000 -

30 1,000 30 100
60 500 60 50

SUMMARY

The LC,, concentrations of NF 3 at 15, 30, and 60 minutes have been determined
for mice, rats, dogs, and monkeys. We confirmed that the immediate effects of acute
exposure are caused by extensive methemoglobin formation and resulting anoxia.
Animals surviving acute exposures experience a Heinz Body anemia with RBC, HGB,
and HCT decreasing 330 to a minimum by the end of the second week postexposure.
Recovery of hematological values to preexposure levels is attained in 40 days. In
dogs, sufficient anemia is caused by a dose level of 120, 000 ppm-minutes to invalidate
that dose as an emergency exposure limit. At 30, 000 ppm-minutes, however, no
detectable anemia occurs, and no other toxic effects are discernible. The results of
experiments conducted at subacute levels justify recommending an upward revision of
the EEL dose to 30, 000 ppm-minutes from the proposed NAS-NRC value of 3000 ppm-
minutes.
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TECHNIQUE OF RADIORESPIROMETRY

C. H. Wang, Ph.D.
and

F.N. Doet, D.V.M.

Oregon State University
Corvallis, Oregon

INTRODUCTION

In metabolic studies with mammals, conventional techniques for the measurement
of respiratory activities do not provide information on the metabolic fate of a specific
carbonaceous compound in the test animal. However, the advert of radiotracer method-
ology has made it possible to trace metabolic conversion of "C-labeled carbon atom(s)
of a given compound to respiratory 1QCO,. Measurement on the rate and extent of for-
mation of respiratory "CO2 in tracer experiments offers valuable information on meta-
bolic pathway(s) handling the test compound in normal and stressed animals. This
technique, generally referred to as radiorespirometry (Wang, 1967), has been widely
used in studies with microorganisms and plants, in addition to mam-als.

On the basis of the objective of the experiment and the nature of the test compound,
radiorespirometric experiments with mammals can be classified into two basic types.
The first type is concerned with the study of the metabolism of compounds known to
occur in the test animal. Under this type are the studies of metabolism of carbohydrates,
fatty acids, amino acids and other biological compounds. The second type is concerned
with compounds foreign to the test animals. These include carbonaceous pharmaceuti-
cals, toxicants and other compounds that do not occur naturally in animal systems.
Needless to say, design concept of a radiorespirometric experiment is specific to the
type of the experiment.

DESIGN OF EXPERIMENT

In experiments with mammals, proper design of a radiorespirometric experiment
is essential to obtain meaningful findings. Design parameters include route of adminis-
tration of '*C-labeled compounds; chemical and radiochemical levels of labeled com-
pounds administered; labeling position of the test compound; and duration of experiment
(Wang, 1964).
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Labeled compounds are administered to the test animal gererally in two different
fashions. In the so-called "single dose experiment", 1 'C-labeled compound is
administered to the test arimal all at once by means of intravenous injection, intra-
peritoneal injection or stomach-tube feeding. Findings in this type of experiment,
while useful, are more or less qualitative in nature, since the administered compound,
if it can be utilized, is not metabolized under a physiological steady state. In other
words, body concentration of the labeled compounds is initially high and declines as
metabolism proceeds. It will be difficult to draw inferences from this type of radio-
respirometric data on such issues as metabolic rate and biological turnover time.

To gain more meaningful information on the kinetics underlying the metabolism of
the test compound, continuous intravenous infusion is the chosen method for the adminis-
tration of the labeled compound. With rats, infusion of the labeled compounds is readily
accomplished by way of an indwelling cannula surgically placed in the _..rior vena
cava, usually through the right jugular vein (Weeks and Davis, 1964). The rate of in-
fusion ranges from 0. 5 to 0. 9 ml per hour with rats weighing about 250 grams. With
primates, infusion can be carried out by way of either the intravenous route and in the
case of squirrel monkeys, subcutaneous injection is at present the preferred route.
By the use of the continuous infusion technique, one is able to adjust the rate of com-
pound administration to correspond to the rate of metabolic turnover, thereby simulat-
ing a metabolic steady state in rat with respect to the test compound. Under these
conditions, the radiorespirometric data can be readily analyzed to yield quantitative
information pertaining to the metabolism of the test compound. Moreover, such data
can be used to estimate relative participation of concurrent pathways for the metabolism
of such compounds as glucose (Wang, Prince, Dost, and Johnson, in press).

The chemical level of labeled compounds to be administered to the test animals is
naturally dependent on the type of experiment. If the test compound occurs naturally in
animals, consideration should be given to the biological concentration as well as the
metabolic rate of the compound. Administration of an excessive amount of labeled
compound will overload the metnholic mechanism and may induce abnormal anabolic
activities or extensive renal excretion. On the other hanu, tracer quantity (usually
less than a milligram) of labelc0 compounds, once administered, may be easily ove--
whelmed by the relatively large q,,_itity already present in the metabolic pool, giviz~g
rise to less meaningful radiorespirometric data. If a test compound does not occur
naturally in animals, the level to be administered should generally be low with dite con-
sideration given to the toxicity or other physiological effect that may be inflicted by the
compound.

In order to as 'ertain the pro.per level of the labe'.d com.pound to be used in radio-
respirwmetric experiment, it is often desirable to conduct a series of experiments at
various chemical levels. Examination of the experimental findings including yield
of respiratory : 'CO., amourt of labeled compound incorporated into the animal con-
-;tituents, -nd amnount of labeled compound excreted will provide one with guidelines
to chxose a proper level of the labeled compound. In experiments involving the con-
tinuIus infusion technique, consideration should be given to the dyramic mc'tab.lic
capability of the animal in !'indling a specific compound. It is essentiai ihat the
labeled coripxind Lbe administered at the rate corresponding to the m.,,_iic cap, bii.
to \ .ld radiorespirometric data pertaining to metabolism under physioi.gicial condittons.
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The raliochemical level of labeled compound is dependent on the nature of the
test compound, the route of administration, the type of experiment and the sensitivity
of the radioactivity measuring device. With an ion chamber-electrometer system,
radioactivity of the test compound is generally below a few microcuries in radio-
respirometric experiments with rats.

The position of the labeling in the test compound is chosen on the basis of the
objectives of the experiment. Compounds labeled with 1 4C uniformly or at a readily
oxidizable carbon atom (such as a carboxyl group) can be used in radiorespirometric
experiments to provide one with general information on the metabolic fate of the com-
pound. However, if one desires to establish the pathways for the metabolism of a test
compound containing several carbon atoms, it will be desirable to use a series of
1

4C -specifically labeled compounds individually in concurrent radiorespirometric
experiments. Analysis of Lhe rates and yields of respiratory '4 CO, production,
derived from individually-labeled carbon atoms of the compound, often unveil the nature
of the metabolic steps as well as the metabolic intermediates derived from the test
compound.

With a s'ngle dose experiment, the duration of experiments should be such that
all metabolic events with respect co the labeled compound can be observed. In other
words, experiments should be allowed to proceed until the production of respiratory
"14CO2 declires to an insignificant level. This is of particular importance if one
desires to compare radiorespirometric data from a series of concurrent experiments
using the test compound labeled with "4C at various specific positions. When the con-
tinuous infusion technique is used for the administration of the labeled compound, the
experiment should be allowed to proceed until the rate of formation of respiratory
1 4C0 2 reaches a plateau. At that point, it can be generally assumed that the radio-
respirometric data are those reflecting utilization of the test compound at a metabolic
steady state. In addition, in order to gain information on the depletion of the labeled
compound, infusion should then be stopped and the experiment allowed to proceed until
the formation of respiratory 14CO reaches an insignificant level. Such a procedure
would permit one to establish an inventory of the administered labeled compound with
respect to 14CO production, biological incorporation and excretion.

RADIORESPIROMETER

The experimental setup to apply radiorespirometric experiments to small animals
(Wang, 1967; Dost, Reed and Wang, 1964) is shown in figure 1. In essence, the respi-
ratory CO2 produced by the animal in a respiration chamber, generally 1.5 to 2 liter
in size, is swept with a stream of air at a rate of 500 ml/hr through an ion chamber
1,000 ml in size. The ionization current generated by the "CO . is collected and
measured by means of a vibrating reed electrometer. The resulting amplified current
is then channeled into a digital voltmeter to provide data readout in digital form. A
data-scanning device is utilized to collect the digital data sequentially from concurrent
radiorespirometer systems and recorded by a fast printer. These data can also be
transferred onto punched tape to be processed by a computer. The respiration chamber
for experiments with rats is depicted in figure 2 (Wang, Prince, Dost, and Johnson,
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in press) showing also the arrangement for continuous infusion of the labeled compound.
With animals such as squirrel monkeys, the respiration chamber can be replaced by
a glass dome covering tbe head of the monkey, with the flow rate of air through the
dome maintained at 1, 000 ml/min. With monkeys held on a chair, the administration
of labeled compounds can be readily accomplished by intravenous injection or intra-
peritoneal injection in single dose experiments or subcutaneous infusion in continuous
infusion experiments.

I sw e$•ll

Figue 1. ANIMAL K UiRESP!ROiTRY AND DATA ACQSITION SYSTEM

FOR FOUR ýJMUTLTANEOItS EXPERIMENTS

TO DRIKý; 4 NI 10

S~~~SYRINGE--•£ 0

I.prEiA~nTI

'ACE L AT

S RINGI

LOWE~~ KCPTCL

Figure 2. METABOLISM CHAMBER AND RESTRAINT CAGE FOR CONTINUOUS
INFUPSION OF LABELED SUBSTRATES. (Chamber support, face plate
clamp, and water supply not shown).
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APPLICATIONS

The usefulness in applying radiorespirometry to elucidate metabolic pathways of
biological compounds can best be illustrated by a study on the utilization of 14C -labeled
glucose by rats. Previous work done in this regard (Wang, Snipper, Bilen, and Haw-
thorne, 1962) involved single dose experiments and revealed qualitative information
that glucose is metabolized by way of the glycolytic, the pentose phosphate and the
glucuronic acid pathways. The data did not permit an estimation onthe relative per-
ticipation of the respective pathways. More recently, in order to understand better
glucose metabolism in rats, the continuous infusion technique has been applied in sev-
eral series of radiorespirometric experiments (Wang, Prince, Dost, and Johnson,
in press).

The first series of experiments was designed to ascertain the proper level of
glucose to be administered via intravenous infusion to rats. As shown in figure 3 when
glucose-3 (4)-.'C was administered to the rats at levels below 500 mgihr; i.e., at
levels of 50, 150, and 340 mg/hr, a metabolic steady state with respect to the labeled
glucose was realized. When the rate of infusion was 500 mg/hr, the rate of "4 C0 2
production reached a constant lev,.i only in the last two hours of the infusion period.
Moreover, even after termination of glucose infusion at 10 hours, respiratory 1 4CO0
was produced at a significant race over a period of the next 5 hours. The cumulative
yield of 1 4"C0 at the end of the experiment was found to be 6770, somewhat higher than
that observed in experiments with infusion rate of 50 mg/hr. Evidently, with such a
high race of substrate administration, the rat was not capable of metabolizing promptly
the infused glucose resulting in the channeling of a significant portion of the administered
glucose into depletable anabolic reserves. It is noted that when the rate of glucose in-
fsion was 50 mg/hr, only 5770 of the radioactivity of the glucose was converted to
respiratory CO2 . Evidently, a sizable portion of the administered glucose-3 (4)-" 4 C
was trapped in various endogenous pooýs by way of exchange reactions associated with
anabolic processes, resulting in a limited conversion of C-3 and C-4 of glucose to
respiratory CO2 .

Analysis of Lhe findings in this series of experiments led one to believe that glucose
should be infused continuously to rats et the rate of 150 mg/hr. At this level, the
administered glucose can be promptly routed into catabolic processes without too much
interaction with endogenous reserve.

In the second series of experiments, various 14C-specificaily labeled glucose
samples were administered individually to the rat at the rate of 150 mg/hr. Infusion
was continued for 10 hours and the experiment was allowed to proceed for another 6
hours. The findings in this series of experiments are given in figure 4. Considerable
information on glucose metabolism can be obtained by an analysis of the radiorespiro-
metric data observed under metabolic steady-state conditions. Thus, the rate of '4CO 2production from various carbon atoms of glucose was found to follow the order C-3 >
C-4 ý* C-2> C-1 > C-6. On the basis of these data, it has been estimated that in rats,
glucose is metabolized 8370 via the Embden-Meyerhof-Parnas glycolytic pathway; 11%
via the pentose phosphate pathway and 6T. via the glucuronic acid pathway (Wang, Prince,
Dost, and Johnson, in press). This information constitutes the baseline inderstanding
of normal metabolism in rats and is hence of primary importance to the study of the
effect of exteraal stresses upon glucose metabolism in rats.
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Figure 3. RATES OF 1"CO2 PRODUCTION FROM RATS UTILIZING
GLUCOSE-3 (4)- 1 4C ADMINISTERED BY CONTINUOUS
INTRAVENOUS INFUSION.
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Figure 4. RATES OF 1 4CO2 PRODUCTION FROM RATS UTILIZING1
4C-SPECIFICALLY LABELED GLUCOSE SUBSTRATES

ADMINISTERED BY CONTINUOUS INTRAVENOUS IN-
FUSION.
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The application of radiorespirometry in studies of metabolism of non-natural
occurring compounds in rats can be illustrated by experiments with 1 'C-labcled
MMH (Dost, Reed, and Wang, 1964). The findings obtained in a series of experiments
in which the labeled MMH was introduced into the rat intraperitoneally at 0. 12, 0. 24,
and 0. 48 mM/kg of body weight are graphically given in figure 5. Results obtained in
i.nese single-dose experiments revealed that: (a) MMH can be readily converted to
respiratory CO 2 and "CH 4 ; and (b) the metabolic capability of rats in handling MMH is
limited. Thus, when MMH was administered in higher doses, proportionately greater
amounts were found to be retained in tissue.

MM,- 14 Dosage

' 0.12 mmol/1a 02.4 mmoh/kg 0.48mmaIskg
bo 4

T

U0

C12
---- -- ---

0 10 20 0 10 20 1 0
Time in Houn

Figure 5. CUMULATIVE PRODUCTION OF ' 4 C0 2 AND Cl'H 4 BY RATS
ADMINLSTERED MONOMETHYL14YDRAZINE - I -C.

Radiorespirometric experiments in toxicological and physiological studies can be
illustrated by a series of experiments in which the effect of pure oxygen atmosphere
upon glucose catabolism in rats was studied and the findings compared with the radio-
respirometric pattern for glucose utilization by normal rats (figure 4). With glucose-
3(4)- 1 'C as test compound, it is noted that the conversion of these two carbon atoms
to respiratory CO. (figure 6), is much more rapid in the initial phase and reached a
metabolic steady state considerably sooner than that observed with rats breathing in
air. However, the steady rates of conversion of these two carbon atoms to respiratory
CO, remains the same regardless of the nature of the atmosphere. I'he findings can
be interpreted on the basis that during tho initial phase, the administered glucosc is
diluted to a less extent by the endogenous glucose.
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Figure 6. CONVERSION OF CONTINUOUSLY INFUSED GLUCOSE
-3, -4 - 14C TO 1 4 CC 2 BY RATS IN AIR AND PURE OXYGEN.

The rate and extent of conversion of other glucose carbon atoms to respiratory
CO2 in rats breathing in oxygen are found to be the same as that observed with rats
breathing in air except in the case of C-6 of glucose. In the latter case, as shown in
figure 7, at the metabolic steady state, C-6 of glucose was converted to CO, signifi-
cantly greater in extent under oxygen atmosphere. These results lead one to conclude
that among three concurrent glucose pathways functionirg in rats, the glucuronic acid
pathway is preferentially stimulated when rats are breathing in pure oxygen atmosphere.

ftucOa$ iWrgoaft MATT 150o/4"

too OF 1"PL*O4

Figure 7. CONVERSION OF CONTINUOUSLY 1NFUSED GLUCOSE-6- 1"C

TO 11-0 2 BY RATS IN AIR AND PURE OXYGEN.
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In figure 8 are shown the results obtained in an experiment in which a rat was in-
fused continuously with glucose-6-1C until a metabolic steady state was reached, at
which time the atmosphere in the respiration chamber was abruptly changed from air
to pure oxygen. It is interesting to note that the rate of "CO. production began to
rise almost immediately to a higher level and was maintained at the elevated plateau
until infusion was terminated. Evidently, glucose catabolism in rats via the glucuronic
acid pathway is rather sensitive to the partial pressure of oxygen in the environment.

SLUvOic IWFIgOd RATE 15OmgIIOUR

i END OF iNFUISON

9

I

0 3 6 6 .19II

RO0., AFTER PEBINmtNO iNFUIIONM

Figure 8. CONVERSION OF CONTINUOUSLY INFUSED GLUCOSE-6-"GC
TO "4CO 9 BY RATS IN AIR AND PURE OXYGEN.

Radiorespirometry offers toxicologists a useful technique in studying the metabolic
fate of toxicants and the biochemical mechanism underlying intoxication. The technique
permits one to gain insight on the dynamic events functioning in normal and intoxicated
animalis.
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DISCUSSION

DR. TOWNSEND (University of Texas Medical School): Professor Wang, you
gave some figures, i know you were moving rather rapidly and I didn't get the figures
on the utilization of glucose, the percentage of utilization in the different pathways.
Would you repeat that please?

DR. WANG (Oregon State University): Yes, in the case of rats, the ,lucose
catabolizes 83 percent 'y the way of the glycolysis, 11 percent pentose phosphate, 6
percent by glucuronic acid. Lately we have done some work with squirrel monkeys,
by means of continuous infusion. It looks like a quite different picture from the rats.
This may give us some excitement. Insofar as we can see, glycolysis is not as impor-
tant in squirrel monkeys as it is in rats, and the pentose phosphate pathway gets a bit
more important. As a general reference to human beings, we don't know the exact
figures; nobody has used continuous feeding. We do know that pentose phosphate occurs
probably somewhere between 10 and 30 percent and glucuronic pathway is a trace. I
think some effort will be made to test human subjects on glucuronic acid pathways.

DR. JACOBSON: I would like to raise one question for Mr. Vernot. You commented
that the emergency exposure limits for carbon monoxide were based on the conversion
of hemoglobin at 15 percent, and you suggested that the conversion of the hemoglobin,
up to 15 percent methemoglobin by nitrogen trifluoride would be analogous. Was this
because you thought the one was equivalent to the other in the impact on the health of
the animal or merely as a device in studying the material further?

MR. VERNOT: My feeling is that at 15 percent I would assume the impact would
be quite comparable whether you werL removing oxyhemoglobin by forming carboxy-
hemoglobilL or by forming methemoglobin.

QUESTION: Yet you actually proposed emergency exposure limits at levels that
would produce appreciably less than 15 percent methemoglobin?

ANSWER (Mr. Vernot): That's true and that followed because when we analyzed
the postevposure hematology of the animals that had been exposed to concentrations
which would form 15 percent methemoglobin, the amount of decrease, the percentage
of decreilse in the hematological parameters, red blood count, hemoglobin and hema-
towrits, was serious enough for us to consider that concentration to be invalid, or to
be questioned to the extent that it would not be acceptable as an EEL.

MR. WANDS: One thing I think we must keep in mind whenever we are dealing
with any methemoglobin forming agent is that there is a genetic variation in humans in
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their ability to reduce methemoglobin. I don't know the extent of this genetic factor
within the normal population. I don't think anybody does. There are some fairly in-
bred groups such as the Eskimos and possibly some of the Indian tribes where It is a
fairly common finding, but the total inciLence within the population we don't know,
and we must be a little careful about this.

MR. VERNOT: That is true.

DR. DOST (Oregon State University): We found that, for one thing, after exposure
to NF3 of either rats or dogs, a residual level persists that we had initially considered
to be methemoglobin, and which after discussing the problem with Dr. Hodge, realized
was probably sulfhcmoglobin; a level of perhaps 3 to 5 percent persists up to about two
weeks and quite probably longer. In all likelihood, since this is a relatively irreversible
change it is probably related to the turnover-time of the red cells. Another thing, we
find with dogs maintained in an NF3 atmosphere in a closed circuit, rebreathing type
system, that the animal will come to equilibrium in terms of niethemoglobin formation
and reduction. At NF3 concentrations of anywhere below 2500 ppm, at least in the
short range, the only problem is with irritation and so forth. Now obviously there is
an upper limit as to how long this can be carried forward. Our conclusion is that the
inhalation lethality is due simply to methemoglobin formation. When the NF3 is injected
intraperitoneally, the result is a rather quick rise in methemoglobin which is usually
almost completely reduced by 80 or 90 minutes, and then at about two hours after the
injection the animal expires. We have been strongly tempted to go looking at other
hemne proteins, particularly cytochromes, to see what sort of oxidation has taken
place in these systems. Obviously the distribution of this very insoluble gas is going
to be different when administered intraperitoneally. There is some possibility of
systemic distribution with the i. p. route where there almost certainly is not upon ;n-
halation. If it doesn't go in the red cells during transit across the pulmonary capil-
laries, it probably is not going to get in at all.

MR. VERNOT: I think I must agree with the latter two of your statements, but
the first one is about sulfhemoglobin. My feeling is that there is no sulfhemoglobin
produced. At least, I could never see any evidence of it spectrophotometrically. I
think that what appears to be sulfhemoglobin is the turbid.!y that results from the Heirz
Body formation. If you use the Evelyn-Malloy technique for methemoglobin measure-
ments, you don't subtract the turbidity out completely, and so it is read as what the
literature calls sulfhemoglobin, but I just don't believe it is there.

QUESTION: flow soon do you see the Heinz Body formation?

ANSWER: Immediately afterwards.

QUESTION: Immediately afterwards?- -This could very well be then,

COLONEL BELL: Mr. Wands, h y.e you been requested to re-evaluate your EEL
for NF3 as you were in the case of MM1t, and if so, what are these values: if not,
what do you feel the committee's action will be in dealing with orders of magnitude
difference?
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MR. WANDS: First of all, Colonel Bell, this is the first opportunity we have
had to receive a request like this. These people have just recently completed this
F.,udy and they have not yet presented a formal request to the committee for review.
We expect to get a copy of the manuscript for distribution to the committee and will
probably be studying it in the next few months. At this point I would hesitate even
to try to predict the reaction of the committee. There is only one member of it pre-
sent *ere today. Mr. Rowe is here; the rest of the committee, the entire committee
was invited and we are very grateful to Dr. Thomas for this, most of them however,
right now are on their way to Tokyo; so that they preferred to go there rather than
Dayton.

DR. THOMAS: i can't blame them for that, can you?

MR. WANDS: This is, as you point out, an order of magnitude different; however,
I would call attention to the fact that the original EEL's were a best guess on the basis
of some very very meager data. Once again we are seeing some solid data to take a
look at after the committee has had a chance to study this. I think that we might well
treat this presentation and the requested suggestion today as a formal request to the
committee. I don't think it will require any special paperwork from the Air Force or
any of the other sponsoring agencies to trigger action by the committee. They fre-
quently have in the past taken action on modifications of EEL's on their own initiative
as soon as data became available. This would be the case here.

MR. ROWE (Dow Chemical Company): Just to amplify what Ralph has said, I would
like to make a plea to people who are developing data such as we have heard here
today, which I think is excellent, but I would like to have them at least get a little
feel for what these concentrations do to humans. To set an EEL or something like
this, that a person can't walk into without being almost immediately incapacitated by
virtue of being unable to breathe it, or else eye irritation, is a little bit foolish. I
think I'd like to suggest perhaps, Colonel Bell, that you see if you can't get these
people to get a little better human data to give us some threshold limits as far as
subjecz.ve or objective signs are concerned.

MR. VERNOT. We have already made tentative plans for human exposUres and
we are just waiting for O. K. s and the word "go".

DR. JACOBSON: Are there other questions or comments? Well, then, I think
maybe this would be a suitable time for Mr. Wands to expound on the subject that I
have already raised that is actually relevant to the nitrogen trifluoridt, parer, so I
raised it in connection with the monomethylhydrazine paper and that was:--when the
response data of animals (and presumably man), plotted concentrations against time
result in a straight line, why then do the recommended limits for man not follow a
straight line, but have an appreciably lower value for the ten minute period? And I
had asked Mr. Wands to expound on that.
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MR. WANDS: I cannot tell you in terms of molecular biology why. I can tell
you somewhat in terms of the thinking of the Committee on Toxicology and some of the
basic principles involved in establishing EEL's.

Several years ago when this concept of EEL's was first developed, there were
two separate committees considering tthe question. One of them for the American
Industrial Hygiene Association, and Dr. Jacobson was a member of that committee at
the time, and they wrote a position paper or a philosophy document. At the same time.
the Committee on Toxicology of the National Research Council was considering the
question and they too published a philosophical document. When the two came out
independently, they Were almost identical; at least the phraseology said the same
thing, although they used slightly different words. One of the things that was included
in these concepts is that the emergency exposure limit will tolerate a certain degree
of response, adverse effects upon the exposed individual in view of the fact that it is
an emergency situation, and in view of the fact that these are intended for military
people. However, they also stipulate that this adverse response, immediate adverse
response, or delayed, shall not incapacitate the individual from carrying out the
necessary action in the emergency. This means that there has been somebody that
has kicked over a carboy of some material on the lab floor, maybe the only emergency
action is to leave the room. On the other hand, if it has been a broken valve or some-
thing like that requiring somebody to go in and take some positive action, like shutting
off a control line or something of that nature, or dragging some other individual out,
these emergency actions must not be interfered with by the anticipated exposure.

I think that there is another feature here that has to be considered also--the pur-
pose of the EEL's. We do not intend that anyone should ever be expoed to any of these
emergency exposure limits. These are not like a threshold limit value where one
anticipates that somebody is going to work at these levels, but are primarily for
planning purposeF. in order that you may establish appropriate exclusion radii, appro-
priate limits on tae quantities of material in any one container that might be subject
to rupture, or something of that nature. So these are guidelines to avoid exposures
rather than guidelines for concentrations to which on, can be exposed.

Now with regard to the linearity of the values, we felt that in choosing the times
of exposures for which the committee makes these recommendations, namely ten
minutes, thirty minutes and sixty minutes, we felt that any exposure of an individual
beyond sixty minutes is hardly still in the category of an emergency exposure to that
individual. By this time there has been plenty of opportunity for some sort of correct-
ive action to be taken, some sort of protective gear to be applied or whatever. If
the emergency continues beyond that, things are in pretty rough shape, and this is not
the sort of thing that is being contemplated.

At the other end of the line, the ten minute figure was selected as being about
the only thing for which one could realistically expect to get some data. One does
not get good breathing zone atmospheric concentrations in anything much less than
this. Perhaps you can go down to five minutes on occasion, but certainly one cannot
say that this particular volume of air which is inspired in this portion of the respira-
tory cycle has a particular measurable concentration of contaminant in it. This is a
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difficult thing to say, particularty in an emergency where you have not generated
equilibrium concentrations throughout the entire space; so that ten minutes was the
minimum time the committee felt was a realistic period to set data for.

The dose relationships utilized for these things at the 30'and 60 minutes are
primarily, and I hope Mr. Rowe will correct me if I overstep my bounds or misinter-
pret the committee's comments, but the 30 or 60 minute doses are primarily based
upon systemic effects--what might be anticipated in a human from such an exposure.
The ten minute figure includes not only the anticipated systemic effect, but also in-
cludes these subjective features that V. K. just spoke about such as physical inter-
ference with an individual's ability to carry out an emergency reaction. Such things
as excessive eye irritation to the point where you can't see because you are crying
so hard, such things as bronchiospasm as I mentioned this morning, some of these
irmediately effective irritant responses, certainly represent a nonlinear subject've
response by the individual and therefore they could not be expected to follow- a CT
relationship, and yet they are quite critical. So that the ten minute figure is looked
at in a little bit different light than the 30 and 60 minute figures. I think that as you
go through all of the EEL's which the Committee has recommended you will find a
fair degree of linearity with the 30 and 60 minute figures, because after all the CT con-
cept does more or less apply over a time span of that sort, but when you get down to
the ten minute figure as with the MMH figures that Dr. MacEwen had on the screen
this morning, the original ten minute figure was cut back because of irritant potential.
Even now the Committee is still not too sure that the new ten minute figure should be
a linear thing. They are hoping that there will be some human data on the irritant
action of this material at short term exposures.

DR. JACOBSON: Am I correct that an additional reason for the low values at ten
minutes is the assumption of a higher minute volume operating in those circumstances?

MR. WANDS: In establishing all of these, the Committee has made some attempt
to estimate the minute volumes which might be accomplished, and yes, the ten minute
anticipated minute volume in an emergency situation is much greater than for an hour.
Yes, this is another feature.

DR. JACOBSON: Ralph, you had commented that these two groups had studied the
probiem, the philosophy of EEL's, and independently had come up with similar recom-
mendations. This was not so independent. There were overlapping memberships and
the position paper of one group was made available to the other group in drawing up
its position papers.

MR. WANDS: Thank you. That was prior to my history of association with the
Committee.

DR. JACOBSON: I think the only significant disagreement between the two groups
was the lower time limits, that had any importance.
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MAJOR THEODORE: I just wanted to comment that phenobarbital, just as Dr.
Azar pointed out earlier today, has been one of the drugs of choice for anticonvulsive
activities and for a number of reasoins that were brought up earlier today. Also it
is one of the few barbiturates that doesn't interfere with oxidative metabolism in the
brain. I think it is the only one. I think now that neurologists have found a better
anticonvulsant, however, and Valium is probably going to be the drug of choice in
the future. It has been used in Europe for a number of years, but it just cleared the
Federal Drug Administration in the last several years. So I would say that current
with today's thinking, intravenous Valium is probably the best drug that I am aware
of as far as treating acute convulsive disorders.

DR. AZAR: My comment on this is that I think that Valium certainly is a drug
that should be looked into as a possible therapeutic agent. We did not do this so I
cannot say whether it would work or not. I would like to comment that I believe and
I don't know if I am pronouncing his name properly or not but J. A. Gutrecht in Kahn's
Current Therapy, 1969 edition, recommends sodium phenobarbital five milligrams per
kilogram intravenously as a treati,.2nt of choice in status epilepticus. I suspect, as
you do, that Valium may become the drug of choice.

MAJOR THEODORE: I concur with what you say. Short acting barbiturates have
been very popular among the pediatricians in the past. It may be that little monkeys
are like little people, I don't kiow, but certainly many of the neurologists prefer
phenobarbital because once you suppress the convulsive disorder, and intravenously
it acts quite rapidly, you also want to keep the abnormal focus of the brain suppressed.
Thbere is no real benefit in suppressing an irritable focus only to have it reactivated
a short period later, whereas many children, when they have convulsions for a number
of reasons, fever being one of them, these convulsions are usually of short duration.
They have one, and that's it. It is really a different bag of worms when you are talking
about the population you are dealing with, so maybe this is one reason why the short-
acLing are popular in one element, but I think most neurologists prefer to use pheno-
barbital.

DR. AZAR: We also have to keep in mind--I tried to make this point this morning--
that the UDMH and hydrazine both are respiratory depressants and w 4') not want
to further depress respiration with the treatment and this was one of t j thoughts in
making the decision as to what barbiturate to try. It is generally felt that shorter
acting barbiturates cause more respiratory depression than the sodium phenobarbital.

MAJOR THEODORE: Let me just add one more thing. Anyone that has convul-
sions is always prone to respiratory arrest. I am sure that if any of you have noted
anyone with a convulsion you will certainly want to watch him under the most optimal
conditions and anyone that has convulsions is watched in this manner and he just isn't
given a drug and everyone sort of saunters away and isn't concerned any more. So,
these people are going to be under very intensive care and observation and whether you
want to use a short acting or a long acting barbiturate or whatever you want to use,
these people are going to be watched closely, usually in a setting where respiratory
support is going to be available. So maybc we are really quibbling about semantics.
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DR. AZAR: I agree.

MR. BATTISTA: This is sort of academic, but if you were to go through your
data and examine in terms of how many lethal doses, how many LD-50's could you
protect against in an animal by giving the B-6 for the hydrazine or for the UDMH, what
kind of numbers are we looking at?

DR. AZAR: I believe Dr. Fack in 1963 reported the ED-50 of pyridoxine against
two times the LD-50 of UDMH was I believe around 50 milligrams. He can correct
me if I'm wrong on that.

DR. BACK: Thirty, I think.

DR. AZAR: He thinks also. This was published in 1963. The hydrazine I do
not know, and I would like to see the work that I did duplicated, only using higher
doses of these mixtures. This therapy may not work against higher doses. At this
time I can't say that it will work or won't.

DR. DOST: In a strictly non-clinical situation I think that we see, and it has
been reported elsewhere also, that the time at which the B-6 is administered is
critically important. In other words, you have much better protection capability if
the drug is administered at the time the convulsion begins as compared with the pro-
phylactic use. Primarily, we find in strictly experimental conditions with rats, that
we can protect against otherwise lethal situations if the compound is given right when
the animal begins to convulse.

DR. THOMAS: We are not thinking of prophylactic use at all in this instance.
Both Ken and I feel, in working with this compound for quite some time, that the like-
lihood of voluntary lethal exposure is "zilch". Nobody will stick ar.ound that long,
if he can get out, to absorb a convulsive dose which is not necessarily lethal, You
get nausea first, and I would say that you have got plenty of time to keep the patient
under olw--varion. The first time hp vomits, grab the pyridnxine and inject it. But
I woulid,, , •,, -Let until I see some clh.icai signs coaiiig U,

DR. AZAR: Priorson has reported six cases of human exposure to the inhalation
of Aerozine -50 and these individuals did suffer from nausea, vomiting, weakness,
and tremors and they responded within twenty minutes to pyridoxine hydrochloride.
I'm not certain of the dose. I believe it was approximately 400 milligrams total dose.
Two o the individuals required steroid therapy to treat evidences of pulmonary edema
that developed. Ali s~x individuals survived. However, remember that the analog of
pyridoxine, pyridoxal, has been showr. to accentuate the toxicity of certain hydrazine
analogs.

DR. BACK: The point here is that the rat is not the animal to look at as far as
the choice of antidote goes because the rat is most susceptible to pyridoxamine and
much less susceptible to pyridoxine as an antagonist, whereas the mouse is ten times
more sensitive to pyridoxine than he is to pyridoxamine, and so is the monkey. You
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can't abort convulsions in the monkey with pyridoxamine- -only with pyridoxine. You
can abort it, but you have to go to tremendous doses like 250 milligrams per kilo,
which is way out of proportion to the amount that it takes. It only takes 25 mg/kg of
pyridoxine where it takes 250 mg/kg of pyridoxamine. So, I think humanwise we
have to guess that pyridoxine is the drug of choice; besides that, it is the one on the
market. Pyridoxamine is not available. The other thing that I think is important is
that pyridoxine will abort the convulsion after it has started. If you have the first
convulsion and you are likely to have another one and you give pyridoxine, you can
abort the second one. You will just not have it. So it is good at any time during the
exposure.

LT. COLONEL KAPLAN: I believe you said that the pyridoxine-treated surviving
mice did not show fatty livers. Since the maximum deposition of triglyceride in the
liver after a single dose of hydrazine occurs during approximately the first 16 hours
and then returns to normal at approximately 24 hours, did you check any of the earlier
ones, or were these animals that had survived for several days?

DR. AZAR: These were animals that had survived a week.

LT. COLONEL KAPLAN: Oh, I see.

DR. JACOBSON: I wonder if I could get you to speculate as to this apparent
antagonism of dimethyihydrazine toxicitv by bydrazine. I wonder if you think it has
any practical significance, and if you have any evidence or ideas on the mechanism?

DR. AZAR: Is Major Carter here? I would like to point out this is strictly con-
jecture, but one of the possibilities is that there might be a simple chemical inter-
action of the UDMH and Hydrazine in solution, and Major Carter (this is strictly
preliminary data) has tried injecting UDMH/hydrazine in separate areas of the peri-
toneum, and he continues to see the apparent antagonism. I coald also speculate that
this may indicate a different mechanism of action of the UDMH and hydrazine than
that which has been proposed by other investigak :s such as Weir and O'Brien. A6
you know, these compounds have different effects on the animals. The UDMH con-
vulsion is more a popcorn-type convulsion, wiLh the animals ouricing violently
against the cage and the hydrazine poisoned animal is more depressed and has a
rolling type convulsion. It may be that the hydrazine in low doses is a depressant and
that this is counteracting or antagonizing the effect from the UDMH. This is strictly
conjecture though. The practical significance of this I have no comment on.

MR. WANDS: I wonder if I might throw a question at Ed Vernot at this moment
about NF 3 . You had two species whose intercept on your log-log plot came out at the
origin, although it wasn't really an origin on the log-log plot, but you also had two
species with a positive intercept. Does this indicate a difference in the mechanism
of the action in those two species?
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MR. VERNOT: Well that wasn't a log-log plot. It waQ a , plot cf the con-
centration versus the reciprocal of the time, and you get linearity out of that kind of
a plot if you have your LC-50 times time !;qua! a constant. If you have LC50 times
time equal a constant you also go through the intercept. If you have that classical
CT relationship, you also get a linear log-log plot because the log of the reciprocal
of the time and log of the concentration will turn out to be proportional. However, if
you get what we got in the case of the mice and in the case of the monkeys, an inter-
cept, you won't get a linear log-log plot because there is no way you can take a log
of a sum, one of which is variable, and get linearity. If I had the second two on
log-log plots, it would not have turned out to be linear.

I'm kind of a kindergarten pharmacokineticist in that I'm interested in this thing,
and there is a way to rationalize that intercept. You hawv to postulate that the rate
of distribution of the methemoglobin, or whatever the toxic material is, is ccnstant,
that is the rate is a constant, is not dependent on the concentrations of the material,
and this sounds great except that it also appears that this is true for the dogs and the
rats as wEll, and yet it goes through the origin. So I really don't know. I'm quite
interested in what the real reasons for this might be. I don't know what they are.

MR. MOBERG (Aerojet-General Corporation): I would like to ask a question on
the hydrazine/UDMH. in any of the body tissue or functional analyses, did anyone
look for dimethylnitrosoamine as one of the oxidation-reduction products of UDMH,
as one of the secondary reactions? Of course we know a little of the toxicity of that
material. Has there been any examination along that line?

DR. BACK: Well, I don't really want to field it, but no one has ever really looked
at nitrosoamine. However, the toxicology of the compound is one of the strongest
hepatotoxips fhat we know of and if UDMH went to a nitrosoamine you would expect
to have livers that were no longer functional and you don't see this with the compound,
so I have to conclude that there was none.

MR. MOBERG: I don't know of any attempt to look for dime-hylnitrosoamine in
any biological system to which dimethylhydrazine had been administered but I know
that this search for the back reaction has been carried out in non-biological systems.
I'm not completely familiar with all the data or all ,.he methods. My impression is
that no evidence of the back reac'Aion has been found, by back reaction I mean the
oxidation of dimethylhydrazine to dimethylnitrosoarnine, but I believe that the analy-
tical chemistry on the dimethylnitrosoamine is not sufficiently sensitive to pet mit
the conclusion I just suggested to be stated with confidence. Can anyone supporc me
or refute me on that? It is a matter of considerable interest in many fields, in the
pesticide field, in the preservation of fish wlhere amines are treated with nitrate,
as well as in the propellant field.

DR. LAWTON: Can we go back to the carbon monoxide paper? In the people
working with low levels of carbon monoxide, do you find a change with activity, that
is, when a person is working hard under an emergency situation or under a physical
exertion, do they pick up a higher level of carboxyhernoglobin at a greater percentage
than they would ini resting conditions?
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MAJOR THEODORE: I can't answer your question as far as exercise is concerned,
but I do know by increasing the rate of inhalation you will increase your rate of carbon
monoxide diffusion across the lung blood barrier, if you will--] ,n using this term
very loosely now. So it is dependent upon alveolar ventilation, and the rate of car-
boxyhemoglobin formation is a function of concentration and a rate of uptake.

DR. BACK: If you are not at equilibrium.

MAJOR THEODORE: Yes, if you are not at equilibrium. Once you've reached
equilibrium regardless of what you do to ventilation y.u just can't surpass that limit.
But I'm talking in terms now of initial exposure and maybe I'm giving myself a lot
of room here, up within 24 hours, and this will be dependent upon not only minute
ventilation but also on ca-rdiac output, or better, pulmornnry blood flow. Bur once
you've reached equilibrium regardless of what you do to your ventilation you are not
really going to change the carboxyhemoglobin level. It is in the initial phase that
I am referring to. Is this what you are talking about?

DR. LAWTON: Yes.

MAJOR THEODORE: With acute exposure, yes it will be dependenc upon minute
ventilation and cardiac output, both of which will be increased with exertion.

DR. BENjAMIN: I would like to raise another problem that bothered me for quite
some time, and which I brought up repeatedly here before. That is the problem of
standardization of units. If you talk about parts per million we have difficulties at
altitude. Parts per million is related to total number of molecules present in the
atmosphere. Really it dcesn't make much sense because most toxic factors are in-
dependent of the total number of atmospheres present. They are related to the total
number of molecules present per given volume. If you express it, on the other hand,
as it was expressed several times this morning, in milligrams per given volume,
then we do not deal with the toxic factor involved. The actual factor as it affects
the living system is a molecule and not a miliigiam. We have to convert it in order
to get meaningful comparative data. Therefore the National Academy recommended
LhaC we express it in terms of a unit that corresponds to parts per million but is
independent of tne atmosphere and that is micromoles per 25 cubic meter which
gives the same number as parts per million but it makes it independent of any ocher
atmospheric component present.

QUESTION: Did you say per 25 cubic meters?

ANSWER: Yes.

DR. JACOBSON: I'm astonished why it would be 25 ratner thqn 24. 4. 1 think
the figure that they are striving for there is the volume of a "Gram-Mole of air at
25 degrees Centigrade and 760 millimeters of mercury". Am I correct?

DR. BENJAMIN: Yes.
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DR. JACOBSON: If my memory is correct that figure is 24.4.

DR. BENJAMIN: I think you are correct but the recommendation was 25.

FROM THE FLOOR: Twenty-five is easier to say.

DR. BENJAMIN: You are right. It should be 24.4.

QUESTION: Is that right, Mr. Wands?

MR. WANDS: Yes. That was purely a convenient rounding off that one of the
committee on the Space Science Board utilized for their recommendations for long
term space flights. We talked of this extensively last year.

FROM THE FLOOBR I'm curious if we can round off 1T to three and one-half?
(Laughter)

MR. WANDS: I think it might be of interest to this group to give yo'i a very pre-
liminary report on some work which some of the Navy people have been doing. They
are not here to defend themselves or to speak for themselves. I don't even have
authorization to speak for them, so this is purely rumor that I am spreading right
now. Treat it as such. They have been doing some hyperbaric studies with carbon
monoxide and they are finding that the toxicology of carbon monoxide is strictly pro-
portional to the pCO, the partial pressure of carbon monoxide, regardless of the
total ambient pressure.

DR. CULVER (SysteMed Corporation): Looking at carbon monoxide, as you go
to altitude, you have to take into account the shift in the dissociation curve. I find
Ralph Wand's rumor most interesting, therefore. How do you explain that, Ralph?

MR. WANDS: I'm sorry, I didn't get the total question, but I shou1Y probably
qualify it that this rumor that the toxicity of carbon monoxide is strictly proportional
to the partial pressure is true so far only in the presence of a constant partial pres-
sure of oxygen.

DR. THOMAS: One more last thought about carbon monoxide. We are not only
going to ask the committee to review the NF 3 EEL's but also ask the comnittcc *o
take a look at our data on the human performance studies during three hour singhC
exposures all the way up to 250 parts per million because we think thet e is a serious
question about the recommendation to set a CO limit around 15 I'PM and even pro-
bably lower. This is especially important because, correct mc if i'm wrong Ralph,
15 PPM wound up also as a recommended space cabin limit for exp""sure in the Space
Science Board document.

MR. WANDS: I can't remember the number off-hand. We will certainly he
anxious to see the data when it is available for us.
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PAPER NO. 15

HISTOPATHOLOGY AFTER EXPOSURE TO MIXED GAS AT

5 PSIA FOR EIGHT MONTHS

Roman L. Patrick, M.D.

Laboratory for Experimental Biology
St. Louis, Missouri

INTRODUCTION

This experiment is a continuation of studies In the evaluation of a mixed gas
environment. It deals with the histopathology of dogs, monkeys, rats, and mice
exposed to 68% oxygen and 3270 nitrogen at 260 mm Hg (5 psia) up to periods of 320
days. A similar experiment has been reported previously (Patrick, 1967).

METHOD

General experimental procedures and chamber operation for this experiment
are presented elsewhere in the Conference Proceedings. Some of the animals that
were exposed were submitted for histopathologic evaluation. Tissue samples were
taken at Wright-Patterson Air Force Base and submitted for routine staining.
Pathologic alterations were graded and the distribution and severity of lesions were
noted for each animal. In addition, contr,,, atio- experimental animals were compared
is groups for a subjective evaluation of any chanta.

Most of the animals were kept in the exposure dome for 8 months and sacrificed.
Seven animals (4 dogs and 3 monkeys) were kept in the exposure dome for 8 months,
returned to ambient conditions for 3 months, and socrificed at 320 days.

in certain dogs and monkeys, the left kidney was exteriorized so that sequential
biopsies could be done. These result* are reported elsewhere

RESULTS

Table I depicts the number of each species examined histologically.

Dogs

Table II lists histopathologic alterations noted in conitrol dogs, and those rxpo•sed
to a mixed gas Environment.
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TABLE I

ANIMALS EXPOSED TO MIXED GAS

CONTROL MIXED GAS

Monkeys 4 6

Dogs 6 8

Rats 10 io

Mice 10 10

TABLEli

PATHOLOGIC ALTERATIONS IN DOGS

NUMBER DIAGNOSIS

CONTROL

1124 Hepatic Congestion
Chronic Pyelonephritis, Focal

1128 Hepatic Congestion
Tubular Dilatation

EXPOSED

1209 Casts, Renal Tubules

121:3 BronchioliEis, Focal Chronic

1214 Bronchiolitis, Focal Chronic

Nionkeys

Fiible III 'lists histopathologic alterations noted in monkeys.
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Rats

Ten control rats and 10 exposed to a mixed gas environment were cxanined.
All showed moderate to severe chroric murine pneumonia with an interstitial as
well as a peribronchial component. This change was qualitatively and quantitatively
similar in both groups. Focal chronic inflammation was noted in the kidney in 3
control rats and 1 exposed rat. Similar changes ;n the liver were noted in 2 of the
control group and I in the experimental group.

Mice

Ten control mice and 10 mice exposed to the mixed gas env." ronment werc
studied. Table IV depicts the incidence and severity of changes attributed to chronic
murine pneumonia.

TABLE Ili

0 ATHOLOGIC ALTE RATIONS IN MONKEYS

NUMBER DIAGNOSIS

CONTROL

1126 Luig Mite Cyst, Focal

1127 Lung Mite Cyst, Focal
Pyeloneptritis & Fibrosis
(Exteriorized Kidrey)

EX -S ED

1211 Lung Mite C . ._.-

1212 Chronic tirc:iiuoitis, F• okic

t Li.'U i ung .Mitc Dtiseasc wat. Fczt.
Chr, )ic Pncu iom-i:-
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TABLE IV

MtJRINE PNEUMONIA IN MICE

DEGREE NUMBER OF ANIMALS

CONTROL

Severe 3

Mild 5

Slight 2

EXPOSED

Severc 3

Mild 3

Slight 4

DISCUSSION

This study is simicr" to one which was reported in The 3rd Annual Conference
Proceedings of 1967. Endemic disease was similar in that experiment in control
and exposed animals and no lesion was noted which could be attributed to the mixed
gas environment. The findings in the present study also indicate that there is no
lesion using light microscopy which can be attributed to the mixed gas environment.

It is well known that monkeys exposed to 1007o oxygen at 750 mm Hg develop
a characteristic and sometimes fatal exudative and proliferative pulmonary lesion
(Kaplan, 1969). Clinical and pathologic alterations !avelop during the first week of
exposure. Marked clinical improvement is sometimes noted in survivors after
exposure day 9. Pulmonary fibrosis was described in surviving monkeys.

In another study animals (rats, mice, dogs, monkeys) were exposed to 100%
oxygen at 5 psia for periods up to 235 days (Hagebusch, 1966). Subtle pulmonary
pathologic alterations in dogs were apparently related to this environment.

In the present study pulmonary pathologic alterations which occur with oxygen
toxicity were notably absent. It is pertinent to add that endemic pulmonary disease
in dogs and monkeys was absent or minimal. In rats there was moderate to severe
chronic murine pneumonia in all animals, and in this species pulmonary lesions
from another agent might have been obscured. In mice, chronic murine pneumonia
was similar in control and exposed groups.
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In 8 dogs and monkeys one kidney was exteriorized for sequential biopsies.
Scarring and chronic inflammation were noted in some of these, and this will be
discussed in another paper.

In other tissues there were sporadic changes in both control and exposed
animals. No lesions were noted which could be attributed to experimental conditions.
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DISCUSSION

DR. COULSTON: I don't have any questions but I would like to make a ;ew re-
marks. Let me ask first, in the early pictures of the lungs you showed where I
asked how it was fixed- -aren't yoL a little concerned with perfusion techniqlIes of
fixing where you make the alveoli balloon up, look bigger than they are? They looked
so nice.

DR. PATRICK (Laboratory for Experimental Biology, St. Louis): You i.ay both
ends against the middle on this sco:re. I prefer to see Uhen, botG ways, perfused and
non-perfused. If I must make a choice between one or the othe', in large animals,
dogs and monkeys, I would select the perfused lungs for this type of study, bat it
depends upon what you are looking for. If you are uoing an acute experiment where
you were looking for pulmonary edema and fibrin in the alveolar halls, early acute
changes in the bronchi, my answer would be completely differcnt. So what you do,
again, as you well know, is dependent upon what you are looking for and under what
circumstances.

DR. COULSTON: That is a good answer, I apree.

Now I would like to make a remark, pirticdlariy in reference to the mite in the
lungs of the monkey. Some of you may remember that three cr maybe tour years
ago at a meeting here where I was in the Chaii, we had a very eminent veterinary
pathologist who got up and said the monkey is absolutely worthless-"-the Rhesus mon-
Key was so full of mites and tuberculosis that you could never possibly use a Rhesus
monkey fcr these, kinds of studies that you reported. This myth has been spread
again, forgive me, amongst certain groups. It was reported the same way at a
meeting last year of the Experimental Medicine and Surgery, about using primates,
where I again took another man apart or. this very same thing, and I'm delighted to
see your remarks, that the mite is not a problem in inteiprctir.g 1ur~g pathol _y itt
the Rhesu., mon..key, provided you hove a good Rnesus monkey colony, and I will re-
affirm that.

DR. PATRICK: In amplifying what you say, I've only seen tube, culosis once in
a monkey and that is when I was a resident and sorneone had a lung they wanted mne
to examine from a monkey, and in that first year of residency I thought i was looking
at tuberculosis. I was looking at a parasitic disease. I've never seen a case of
tuberculosis in a monkey, which means I guess that we humans don't carry them
much any more.
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DR. TOWNSEND: Dr. Patrick has had long experience in this field, as many of
you know, and it is obviouis that he knows of what he speaks. The lung in any animal,
at least with the light microscope, is a difficult organ. In my work I see a lot of
lungs and am aware of the multitude of difficulties that they present. I think a later
paper this afternoon will give you some insight as to what other techniques may do,
but in interpreting any of these lesions, it reminds me of the story about east Texas
where the traditional eastern tenderfoot was being shown some land, ind it was down
in one of the East Texas river bottoms and it was in the dry season, and the real
estate agent was showing him through this property, and one could plainly see on the
trees where the water marks were from the previous flooding. And the Easterner
finally commented on this, about what were those marks on the trees. The real
estate agent said: Well, that's a lot of these razor-back hogs from Arkansas come
down here and rub up against the trees. As they progressed on deeper into the swamp
the marks gut higher, and after it was all over, the real estate agent was anxious to
close the sale and asked the Easterner if he would be interested in buying the land.
He said: No, but he sure would be interested in some ot those hogs. So some of this
morphology that we see we have to interpret in the light of what we are looking at and
what it may be.
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PAPER NO. 16

STANDARDIZ XTION CF NECROPSY AND HISTOPATHOLOGY TECHNIQUES

William F. MacKenzie, Major, USAF, VC

Aerospace Medical Research Laboratory
Wright-Patterson Air Force Base, Ohio

I chose my subject for several reasons. Most of you are not pathologists and
sitting through a long series of pictures of lesions might lx• of limited interest. Also,
v'ou have had a lot of 'This is what we did and this is what we found". This will also
give me an opportunity to give investigators a small insight into some of the problems
that pathologists must deal with to provide you with the data upon which to evaluate the
results of your experiments. I am going to cover some of the basic techniques as
practiced at this Laboratory to solve such problems as quality control of laboratory
rodents and tissue fixation techniques.

As was brought out so clearly in the preceding paper, chronic murine pneumonia
and otitis media are big problems in a laboratory involved in inhalation exposure. They
can completely negate the possibility of interpreting results. We are attempting to
eliminate it from the animals with which we work by augmenting our quality control
program. Otitis media is completely silent clinically. The old diagnostic method,
holding a mouse by the tail and spinning him, will give you a dizzy mouse but no in-
formation as to how much middle ear infection is present in the colony (Olson, 1968).
When rats or mice are received at the laboratory and before they go on test, we
necropsy ten of them and collect tissue from five of them for histopathologic examina-
tion. We take five major organs and a slice of the head through the bulla tympanica to
check on the presence of middle ear infections. The head is removed; as much as
possiblp of the excess bone, muscle, and skin is cut away; and the head is fixed in
formalin for three days. It is then decaicified overnight. The technician cuts a thin
slice, the plane of which must pass through both external ear canals. After being
washed in running water for three hours, it is processed lke any other tissue. Figure
1 is a head with one infected bulla tympanica that can be diagnosed only under the micro-
scope. On the opposite side is a badly infected middle ear. We are using sections of
tissues prepared this way more and more because many structures such as striated
muscle, the middle and inner ear, pituitary gland, bone marrow, bone, brain, salivary
gland, and nasal pharynx can be screened for disease. The brain in figure 1 also has
lesions. In figure 2 the semicircular canals of the inner ear are filled with pus but
the animal showed no evidence of vestibular malfunction. Figure 3 is the lesion from
the brain of the same animal as in figure 1. The brain is not often screened for disease;
however, it is as important as any other organ and one should know what diseases
are being purchased along with the animals. Figure 3 shows one of the small lesions
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in the Central Nervous System (CNS) and figure 4 shows the cauoative organism,
Nosema cuniculi. This is also usually a clinically silent infection. It is very common
in rabbits and is observed quite often in the mouse, but not quite so often in the rat
(Garner, 1967). This infection came from the vendor and it might now be in our hold-
ing facilities; however, we know what we have to deal with.

Figure 1. CORONAL SECTION OF THE HEAD OF A RAT THROUGH THE BULLAE
TYMPANICA SHOWING A PURULENT EXUDATE IN ONE CAVITY AND
THICKENED MEMBRANES IN THE OTHER. Dark spots in the cerebral
hemisphere- are granulomas caused by Nosema cuniculi. (H & E x 4)
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Figure 2. INNER EAR OF A RAT SHOWING PURULENT EXUDATE IN THE SEMI-
CIRCULAR CANALS AND AN UNAFFECTED COCHLEA. (H & E x 100)

Figure 3. GRANULOMA IN THE CEREBRAL CORTEX OF THE ANIMAL SIATOWN IN
FIGURE 1, CAUSED BY NOSEMA CUNICULI. (H & E x 400)
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Figure 4. PSEUDO CYST OF NOSEMA CUNICULI FROM THE BRAIN IN FIGURE 1.
'McCalluil-Goodpasture x 100)

In goi-r, over thece rats for quality control, we have to look at a lot of lungs. I
do not like i.o screen on, lui.g for disease that has not been Infused, particularly in
rodents. Fibt-re 5 ia a-.- ipfused lung of a mouse. One can see bow all of the tissue is
standing out. The rru-.us membranes are very prominent and easily aeen. Figure 6
is a mouse lung t..at has not been infused. It is as completely normal as the previous
lung but it was allowed to collapse. We took particular care not to push this together.
We handled it carefully and dropped it in formalin where it floated on the fluid and
fixed. You can see lumps of tissue that become very similar to some of the lesions
you saw in the previous presentation. Figure 7 is one of the collapsed areas on higher
magnification. I have seen lesions like this called interstitial pneumonitis and atelec-
tasis. This is a completely normal lung but I don't know how you could diagnose it as
such with complete assurance, Figure 8 is an infused lung at increased magnification
in which individual alveolar walls are apparent. You can easily make an estimate of
any change that has occurred. This is what I like to look at, and I haven't noticed that
we get much artefactual alveolar emphysema produced by the technique which we use.
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Figure 5. MOUSE LUNG DISTENDED WITH FORMALIN PRIOR TO FIXATION.
(H & E x 40)

Figure 6. MOUSE UJNG ALLOWED TO COLLAPSE PRIOR TO FIXATION.
(H & E x 40)
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Figure 7. COLLAPSED ALVEOLI OF LUNG SHOWN IN FIGURE 6.
(H & E x 100)

r

Figure 8. CL($ELP OF ALVEOLI OF I UNG INSTILLED WITH FORMALIN PRIOR
TO FIXATION. (I1 & E x 100)
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Figure 9 is a thickened alveolar wall from a resolved pneumonia in an infused lung as
seen under polarized light, demonstrating how easily the increase in size is seen.
When killing many animals, Instilling formalin into lungs is a time consuming process
and it takes two additional men in the necropsy room but I thinK it is wolzh it. We open
the animals and do a gruss necropsy with the lung collapsed; if there is significant
emphysema we see it, and we can also judge generalized vascular problems. We then
cannulate the trachea using an 18 gage needle that has been dulled; put a string around
it and, with q syringe, instill the lung until it stands where it normally would in the
closed thoracic cage. We do it fast but it works very nicely for us. When the lung is
expanded we tie it off, put the lung in a jar with the string over the edge, put the lid
on the jar, and turn it upside down. Because of residual air in the lung it floats and
fixes under the fluid. There is another advantage to inverting the bottle. We have
found that tissue will sometimes stick together in the bottom and fix poorly. When the
bottle is inverted, these masses of tissue are broken apart. We would like to expand
all of the lungs with formalin but on the rat lungs we are taking organ weights. It is
very difficult to expand the lung when you have to cut out the heart, thymus, esophagus,
and a lot of the trachca to get an accurate weight. We worked on this a long time and,
when the last group of rats was killed, 955F of the lungs were succeasfully expanded.

Figure 9. ALVEOLAR WALL THICKENED WITH COLLAGEN FIBERS .,,iOWN
UNDER POLARIZED LIGHT. (H & E x 100)

In the necropsy room. one of the most difficult things to fight is postmortem
degencration. Good tissue fixation does not receive tht attention it deserves, perhaps,
because of the necessity to b, -ýome more sophisticated in our experimental approaches.
During my time at the Aried Forces listitute of Pathology, I saw some good experi-
ments where "here was so much postmortem degeneration that the fine changes in the
tissue could not be interpreted. It is emb•arrassing to ha .e t,, ti11 the investigator
that he neglected such an import.nt &-tail.
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There are also other things that can affect tissue, keeping in mind that the patholo-
gist is often months away from the necropsy and has to relate subtle changes to an
experiment with which lie .,4s often had no part. Figures 10, 11, and 12 show examples
of one of the many problems that are directly associated with fixation. I used the do-
mestic pig because what I want to demonstrate is shown beautifully in this species.
Figure 10 is liver from a pig that has not eaten for 8 to 12 hours. It is normal liver,
,veil fixed. Compare figure 10 with figure 11. Notice how the hepatocytes are swollen,
the cytoplasm is vesicular and filled with irregular, clear spaces, and the nu., 1-i float
in the middle of the clear space. This is also perfectly normal liver from a well-fed
pig ixed immediately after death. Figure 12 is liver from a pig that had eaten but
the fixation of tissue was delayed 30 minutes. Enzymes within the liver hbve digersted
the glycogen and it is gone. The cells are no longer swollen. These slides would be
very difficult to interpret if the information as to eating and fixation were not available.
This is an example of ,hy necropsy techniques should be standardized. These are
very simple things but they have to be done. A lot of time is involved in standardizing
these procedures hoping to eliminate as many artifacts as possible. Animals are
fasted, and are anesthetized as we necropsy them. Even though we have to take organ
weigh*s, the tissues are in the bottles within no more than 10-15 minutes.

Il

Figure 10. LIVER FROM A PIG THAT HAD BEEN FASTED 12 HOURS PRIOR TO
DEATH. Tissue was fixed in forinalin immediately. (H & E x 100)

216

-I

Ir______________________________________________________



AMRL-TR-69-1 30

.• ;, 'it sv• • •n'P-"

40V

Figure 11. LIVER FROM A PIG THAT WAS FED FREE CHOICE UNTIL DEATH.
Tissue was fixed immediately in formalin. (H & E x 100)

Figure 12. LIVER FROM A PIG THAT HAD BEEN FED FREE CHOICE UNTIL
DEATH. Fixation of tissue was delayed 30 minutes. (H & E x 100)
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"There are also problems in clinical pathology. The means of the hematocrits of
our dogs are 5%7c higher now than were reported in a paper presented by Robinson and
Ziegler (1968) from this laboratory two years ago. The technicians often complained
that the blood from some of the dogs was so thick that they had difficulty drawing it
into the syringe. Some investigators had even cast aspersions upon the accuracy of
our laboratory procedures. In searching for a reason for this increase in red blood
cells, two factors became apparent. The source of dogs had been changed and many
of the new dogs seemed excessively frightened and wildly fought restraint. The dogs
from the new source were also young healthy beagles and the care and holding, facilities
were identical in every way to those used several years ago. We decided to Lest the
possibility that pa nic and excitement were contributing to the surprisingly high hemato-
crits.

Four old dogs that were virtual pets were chosen. Blood samples were taken after
gentle restraint, tranquilization with chlorpromazine, surgical anesthesia with pento-
barbital, and fright caused by noise and rough handling. Unfortunately, the dogs were
so domesticated that they did not respond to the attempts to frighten them: therefore,
injections of metrazol, a strong central nervous system stimulant, were given to the
point of convulsions. Significant increases in bematocrit and white blood cells were
seen only after metrazol injections. The only other clinical test to change was total
protein.

Armed with this preliminary information, we designed a more complete study using
10 randomly-selected, newly-acquired beagle dogs. Two cc blood samples were ob-
tained after gentle restraint, chlorpromazine tranquili7ation (at 1 mg/lb) surgical
plane anesthesia with pentobarbital, manually frightening the dogs, and after metrazol.
A minimum of three days was allowed between blood drawings. The results are given
in table I. The experiment was repeated in monkeys and the results were listed in
table II.

TABLE I

MEAN VALUES OF 10 NEW DOGS

Quiet Manual
Restraint Chlorpromazine Pentobarbital Excitement Metrazol

Hct (Vol %) 45 36 32 45 49

Total
Protein (gm %) 6.0 5.3 5.4 6.4 7.0

WBC (x 101) 15.2 13.5 9.5 18.7 17.9
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TABLE II

MEAN VALUES OF 10 NEW MONKEYS

Quict Manual

Restraint Chlorpromazine Peatobarbital Excitement Metrazol

Hct (Vol %) 39 38 34 41 41

Total
Protein (gm %) 7.8 6.9 6.6 7.9 8.1

WBC (x 103 ) 10.1 8.4 7.7 12.2 11.3

Before coming to any conclusions, it must be clearly stated that this is prelimim
data and certainly not adequate to suppcrt definitive statements. But it is entirely ad.
quate to make a few generalizations and co point out scme problems in interpreting
clinical values in laboratory animals. h" the old dogs, the hematology values for qui
restraint, tranquilization, anesthesia, and manual excitement were essentially the
same. These old dogs were frightened but did nor show the panic of the new never-
before-handled dogs. This difference is shown in comparing the similarity of values
between the quiet restraint and the chemical and physical excitement with the values
obtained when the new dogs were chemically restrained. Indeed, there is really ver
little difference in the HCT, WBC, and total protein between just restraining the new
dogs and causing them to convulse. The values obtained for the monkeys are similai
but not as dramatic as those in dcgs.

Solving this problem is far more difficult than defining it and I do not have an
answer. We collect baseline clinical data from our dogs and monkeys every two wec
and the "normal" values for our animals are based on these values which reflect any'
"panic effect". This procedure also acquaints the animals with restraint and veni-
puncture. However, any new experimental procedure could cause a "panic reaction'
As long as we are tied to traditional clinical tests such as the CRC we will have to
contend with physiologic interference with our results. Perhaps ii would be preferal
to mcasure blood and plasma volume rather than venous hematocrit, since these arc
more stable and not affected by the mobilization of sequestered cells during transier
physiologic states.
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DISCUSSION

MAJOR MAC KENZIE (Aerospace Medical Research Laboratory): I might add,
in perfusing these lungs we were not doing morphometric studies.

DR. CAMPBELL: I wonder if you would review the hematocrits again for the con-
ditions that were involved. I had a little trouble with the chart.

MAJOR MAC KENZIE: The baseline value for dogs was 45 percent hematocrit.
When tranquilized, -- this is the average of ten dogs, 36 percent. Under the surgical
anesthesia from pentobarbital, 32 percent. When purposely excited, 45 percent.
Under the influence of metrazol, and this was taken within ten minutes of the reaction
from metrazol, it was 49 percent.

DR. MAUTNER (Mount Sinai Hospital, New York): This is a question on the
same slide which you just showed. All three parameters seemed to be moving in
the same direction. The values are roughly comparable. As a guess, could it be
the state of hydration or a question of the blood volume?

MAJOR MAC KENZIE: No, these were &i'g robust beagles. Only 2 ccs were
taken and there were several days in between this. This is not a very large blood
loss for a beagle and there were other parameters that did not change.

DR. MAUTNER: Another point, while I am talking, in the human of couqe, we
don't have the opportunity to standardize conditions quite as you do with the animals,
and we have had to adjust ourselves to rather marked variations in appearance at
autopsy which adds to your list perhaps, the disappearance of polymorphonuc eocvtes
when you compare a patient who has had a liver-kidney biopsy shortly before dc::th
and then we have autopsy section and the polys have disappeared.

MAJOR MAC KENZIE: We've run into the same problem in diagnostic work in
veterinarian medicine, only it is worse because a cow lies out in the pasture for
four or five days before they find them.

DR. WEIBEL: I have a few comments, of course, which are related to the lung.
First of all, I'm a little worried about this business of murine pneumonia because we
don't have this problem in Europe. I just don't know why. We also have the Sprague
Dawley rats, all sorts of rats, but we rarely have a case of murine pneiimonia.
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MAJOR MAC KENZIE: We have sources of rats that do not have this as a problem.
I've seen something that might be murine pneumonia in breeding stock. We asked
them to give us breeding stock so that we could see what they had in their colony and
they did. They were very willing to. If they had refused I would hive wondered why.
There are clean coionies here. But, and I have to stress this, the words SPF mean
nothing except that the animal costs more and does not eliminate the problem of
middle ear infection or murine pneumonia.

DR. WEIBEL: Has this been systematically studied?

MAJOR MAC KENZIE: Yes and in Europe too. The latest papers are from Copen-
hagen. There is supposed to be a virus. I see very little doubt that there isn't a
virus in the type of lesion that was shown here. There is also a PPLO that has been
found numerous times that is involved with the interstitial pneumonitis and the mid-
dle ear infection, but these are not pure infections and they have never been stuc'ed
in the gnotobiotic dog. So what we have seen is a secondary bacterial invader. We
are also seeing the way the rat responds to a chronic irritation in the lung. I don't
know if all rats with chronic murine pneumonia have the virus present. They might
be suffering from some other type of irritant; I don't know. The amount of lymphoid
tissue in the lung is open to question. I don't think that the small foci of lymphocytes
at the junction of the major bronchi and trachea are important. I think they are just
normally there, and I think with irritation these become larger and they become
almost like the Peyer's patches in the intestines. Now what that irritation is; I don't
think we should say this is a virus, yet.

DR. WEIBEL: Since your title has been Standardization of Techniques, and
since we are expounding so much on the lung, I would like to expound on standardiza-
tion of lung fixation techniques. Now first of all to get the term straight--If you say
perfusion, you actually mean instillation or infusion of a fluid into a dead end system
which does not go through, so it is not a perfusion. It is important to distinguish this
term because we now have the means of really perfusing the lungs through the vas-
cular system.

MAJOR MAC KENZIE: It's your fault. Aren't you the one that originated the "per-
fusion" of the lungs?

DR. WEIBEL: No, No, it has always been "instillation".

MAJOR MAC KENZIE: We got away with poor usage of words before.

DR. WEIBEL: Well, now I have noticed in your pictures that you used a syringe
to inject this liquid intr the lung. I think this is very bad. We have been doing quite
a bit of work on iueal pressures to be used for instillation fixation of lungs, and it
turns out that 20 centimeters of water at constant head pressure gives you a very
uniform distension; with less you cannot do it. If you use 15 or 16 centimeters pres-
sure you will get atelectasis areas and so on; and so you need to have that. Now this
does not give you a collapse of the capillaries as you could see it in some of your
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pictures there. The blood is not squeezed out of the capillary at 20 centimeters of
water. T should perhaps mention that this appears to be somewhat species and size
independent- -we were quite surprised to find tlha for a dog we could also get away
with 20 centimeters of water pressure. We usually fix in a closed chest and of course
you have the high resistance of the chest wall and then we use a slightly higher pres-
sure, 25 centimeters, maybe 30 centimeters. We try to keep it as low as possible.
Now of course you get into a problem if you are looking at substances or changes that
are in the alveoli, if you use instillation fixing. This is why we have now supplemented
the technique by using vascular perfusion technique, and I am going to show in my
paper now comparative electron micrographs of rat lungs exposed to pure oxygen fixed
by instillation and by perfusion, classical perfusion techniques and you will see the
difference. 'o I would strongly urge you to get away from the syringe because with
your syringe you can exert a tremendous pressure and you can really rupture the
lung. If you have a little resistance, like when the cylinder sticks, then you are just
pushing it hard with your thumb and zip, off goes your lung and if you have a 10 cc
syringe in a mouse lung this is about five times the volume of the lung.

Well, then, I would like to add another point which has to be standardized for
experimental work at least, and this is the duration of anesthesia up to the point of
necropsy. This is very, very important. We have run into this problem quite a
number of times.

MAJOR MAC KENZIE: Thank you, Dr. Weibel. We are not unaware that the
syringe is not the best system, but we are killing large numbers of animals, f•nd so
far this has been good. This is one of the things that I wanted to talk to you about.

DR. WEIBEL: You take a large jar. This is much faster, and it is easier than
filling the syringe.

MAJOR MACKENZIE: Fine, good. Now as far as what we are using these lungs
for--light microscopy and routine stuff--when they have murine pneumonia it doesn't
make a lot of difference what you do.

DR. PATRICK: I have just one comment or two. I agree with you. I think that
hydrostatic pressure should be used rather than a syringe. I would like to comment
on your paper in general. I am pleased that you emphasized the point that ýe ought
to know something about nature before we dicker with it, and this is really what you
are saying, and I think too often we overlook this so I am exceedingly glad to see
someone present a paper of this type, not only here, but in the countr\ at large, in
experimental circles.

DR. WEIBEL: Would you tie up that statement just a little bit more' I. is too
general for me to understand.

DR. PATRICK: No. (Laughter)
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DR. COULSTON: I'm enjoying this very much. First of all, let me say, whether
you call it perfusion or infusion, I think you can use a syringe. I have been using
a syringe since 1934. Of course if you want to pick your pet species to work with,
you work with a bird because you can never overpressurize the lung because you
have air sacs which are a nice reserve for any excess pressure or fluid If you want
to see lungs.

FROM THE FLOOR: You don't have chronic murine pneumonia either.

DR. COULSTON: But you've got other problems. But seriously, you are quite
right to call it infusion of the lung and you are quite right to call it perfusion if you
go through some of the vascular systems, or even through the cerebral vessels,
if you wish. I think the distinction is clear, there is nothing new about this technique.
I want to make it clear this was started by Maximal in about 1911 and has been used
successfully for years by Bloom and his followers. But we did find in the early days
in Chicago when I worked there, that it was wrong to perfuse the animal by an intra-
venous route for example- -if for example you were going to study the rt! blood cells.
Suppose you are studying malarial infection, you certainly don't want to infuse the
animal. I think it is essential that the sinuses and sinusoids and capillaries of the
animal show their true structure with the true cells, and particular)y the spleen,
is very important. Now this is not a criticism, this is just a comment. Now when
you come to things like thorazine or pentobarbital causing problems, I would remind
you that these compounds cause a very great cooling of the blood, particularly in
an animal, they lower the blood temperature considerably- -four degrees Fahrenheit
sometimes, and this may be of importance here. I'm just throwing this out for what
it is worth, but cooling is a possibility to be considered particularly in cellular ele-
ments. I want to ,-ompliment you, both of these papers are very pertinent for the
everyday operation of the laboratory. Thank you.

MAJOR MAC KENZIE: Let's see if I can remember what you said. On the use of
thorazine and pentobarbitals, all the animals had been around a long time and were
used to being handled so this did not make a significant effect. It did when we gave
them pentobarbital. There was naturally a blood temperature drop because it does
cool. The thing that I found most Interesting is the fact that even when we tried to
excite them they didn't change, they were already as excited as they could get and
they really didn't change that much when we gave them metrazol to the point of con-
vulsion. This shows what psychology does in animals, it is simple but it really does
affect the parameters that we measure. I won't go into that.

COLONEL STEINBERG: I'm glad to see somebody come up with this iv dogs.
We found the same handling phenomenon in rabbits and dogs, beagles in particular,
but we found in handling rabbits, the first few times we bled them, the best Jning to
do was to throw out the data. The surprising thing that goes along with y'our metra-
zol work is o0 course that the rabbits still continued to get excited as you handled
them but the blood chemistry and the hematology results level out. As a matter of
fact, the biochemist that does these tests, we were threatened with all kinds of
dire results because we found things that shouldn't have been knocked out: cholines-
terase, BUN, and other liver function studies just go haywire.
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FROM THE FLOOR: Enzymes?

COLONEL STEINBERG: Right, and yet your standards and controls are still
working. We also found this true, as I say, in dogs. It happens in monkeys too.

MAJOR MAC KENZIE: Have you found lipemia?

COLONEL, STEINBERG: Yes, but we found this was a good deal dependent on--
we don't raise our own rabbits, and it was how long we held the rabbits. If they come
from the outside we tended to get more than if the rabbit was in our own lab after
its conditioning period. We find lipemla now and then. We used to think that some-
body slipped up and fed the animals. It has been shown, at least in the dogs and cats,
that stimulation to the limbic system, particularly around the basal ganglion will pro-
duce lipemia in certain areas, and through a mistake that the investigator had made,
they grabbed the wrong dogs, dogs that hadn't been stimulated, and they found lipemia
in some of these, and they have been able to reproduce this as a fright phenomenon.
Now this is fairly well known in many domestic animals but not to the point of Visible
chylomicrons circulating, and we have to apologize to some handlers now bezause I
guess they didn't feed them.

There is something else that I would like to make a remark on: These things are
all fire, but they are not worth anything unless you write them down on the clinicAl
history in the necropsy protocol so that the man at the microscope has something
to go back to.

DR. TOWNSEND: This whole area of standardization is one which could be pur-
sued for hours, not only in experimental work, but in clinical chemistry, other areas
where we see variations, particularly in specimens being shipped, the way they are
taken, the type of anticoagulant, how soon the serum %as removed from the clot,
many other factors that really need a lot more study than they have had. One of tne
better studies came right from Dr. Patrick's Lab, as reported by Dr. hagebush a few
years ago, but this is still another story. For those of you who are not anatomists or
pathologists or have not followed the story of the histology of the lung, years ago one
of the many arguments that pathologists engaged in amongst themselves was the struc-
ture of the alveolus, the air sac of the lung, as to what type of lining cell it had, what
was its anatomy, and with the advent of the electron microscope as a rractical tool
for laboratory study, a lot of this confusion has been cleared up.

22



AMRL-TR-69-130

PAPER NO. 17

PULMONARY PATHOLOGY OF OXYGEN TOXICITY

Ewald R. Weibel, M.D.
and

Carmen R. Conradi, M.D.

University of Berne
Berne, Switzerland

INTRODUCTION

In our previous studies on the pulmonary effects of pure oxygen breathing at
atmospheric pressure we have observed that endothelial cells of alveolar capillaries
are the primary target of cytotoxic oxygen effects on the lung (Kistler, Caldwell, and
Weibel, 1967). This observation, 'which has been confirmed since (Bowden et al, 1968;
Kapanci et al, 1969), was puzzling because the endothelial cells actually compose the
second cell layer met by the oxygen molecules diffusing from the air spaces; and the
squamous epithelial cells are structurally very similar to endothelial cells. The
question why these epithelial cells were not damaged in spite of direct exposure to
oxygen, whereas the endcthelial cells were largely destroyed remained unanswered.
On the basis of observations of other authors (cf. Davies and Davies, 1965), it could
be proposed that oxygen can exert its cytotoxicity only in presence of additional factors.
If such factors are endogenous and can be supplied by the blood endothelial cells of
alveolar capillaries could be regarded as the site of most intense interaction between
oxygen coming from alveolar air and "additional factors" supplied by the blood.

Two sets of observations were of importance in elaborating the hypothesis at the
basis of the present experiments.

a) It has been observed that enzyme inhibition due to high oxygen partial
pressures depends on contamination of the preparations by heavy metal
compounds (cf. Davies and Davies, 1965). Furthermore, microsomal
lipids are peroxidized under high 02 tensions only in .the presence of
additional factors, in particular iron compounds (L. Ernster, 1968, per-
seral communication).

b) Several workers have observed that high O tensions lead to a rapid
damage of red cells, detectable, in part, by an increased osmotic fragility
and by con~sequent hemolysis (Mengel et al, 1964; Danon, 1966; Bernardini,
1969). The mechanism at the basis of this erythrocyte damage is unclear,
bUt sonic authors have speculated that it occurs by peroxidatton of mere-
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brane lipids resulting in alterations of membrane structur" (Kann et al,
1967). This hypothesis is supported by the observation that deficiency
in a-tocopherol (vitamin F), a potent antioxidant, aggravates this effect
(Kann et al, 1967; Carolla et al, 1968).

These findings led to the following hypothesis for the time-sequence of oxygen-
induced pulmonary damage:

A primary damage of erythrocyte membranes in presence of iron compounds with-
in the cell causes loss of these compounds into the plasma. If they are picked up by
endcthelia, cells of the alveolar capillaries, their cell membranes will undergo damage.
The resulting leakage of fiuid into the interstitium (interstitial edema formation) may
bring iron cempounds into the neighborhood of epithelial cells. A subsequent damage
of these cells on the basis of the same mechanism should then lead to alveolar edema.

The time s~quence of the second part of this hypothesis has been demoastrated
(Kistler et al, 1967; Kapanci et al, 1969). If the first part holds true there should

also be a correlation between erythrocytic and pulmonary damage due to oxygen, as
well in terms of quantity as of time sequence.

To test this part of the hypothesis two experiments were presently carried out:

A. Normal rats were exposed to 9857 02 at 760 mm Hg for up to 3 days; the
development of hematological and pulmonary changes was studied.

B. The same was repeated with rats fed a -tocopherol deficient diet in which
red cell damage should be exaggerated.

MATERIAL AND METHODS

The experiments were carried out with albino rats from our local breed; they
belong to the SPRAGUE-DAWLEY strain. For each experiment, controls and test
animals were derived from closely related litters and carefuliv matched, at the outset,
with respect to age, sex and body weight.

Before sacrifice the animals were deeply anesthetized with Hypnorm (Dupharm-
Philips); one of the femoral veins was exposed and a blood sample of 1.5 ml was with-
drawn always exactly 12 minutes after injection of the anesthetic. The lungs were then
fixed by intratracheal instillation of 1. 5W glutaraldehyde buffered with s -collidin to
pH 7. 4; che solution was adjusted to an osmotic pressure of 336 mOsm. After volumetry
of the excised lung, tissue blocks wcre post-fixed with OsO4 and block-stained with
uranylacetate; dehydration in ethanol and embedding in Epon followed. Sections cut
with diamond knives were stained with lead citrate and rbserved in a Philips EM 200
electron microscope.
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Morphometry followed the preestablished scheme using a semi-automatic equip-
ment and a computer for data analysis (Weibel et al, 1966).

The blood samples were immediately analyzed for hematocrit, total hemoglobin,
plasma hemoglobin, and osmotic fragility; the latter was estimated by spectrophoto-
metrically determining the increase in hemoglobin released into a graded series of
NaCl solutions of 0. 6 to 0. 270.

Exposures to 987, oxygen were done at 760 mm Hg in a closed environmental
chamber (figure 1) which had the following characteristics:

a) The chamber was made of a PVC-coated oil drum fitted at the flat faces
with two removable Plexiglass windows by means of rubber gaskets. To
permit removal of cages without decreasing the 08 concentration one end
of the drum could be fitted with a plastic tent which was continuously flushed
with 02. The partial pressure of 02 did not fall below 710 mm Hg when
the chamber was opened (ambient pressure is 710 mm Hg), and this lasted
no mo.e than one minute. This tent was fitted with arm inlets so that the
animals could be anesthetized in the tent and kept at about 715 mm Hg of
pure 0. until preparation 15 to 60 minutes later.

b) The pressure was maintained at 760 mm Hg ± 2 mm Hg by a constant
inflow of 02 from a tank at 2 1 /min. supplemented by intermittent flow
10 1/min. for short periods; this was governed by a magnetic valve which
was automatically controlled by a pressure sensor. A controlled leak
was so calculated that the supply of 0 was adequate to meet the 0 con-
sumption by the animals.

c) Part of the chamber air was cycled through a bypass; a pump drove it
through flasks containing silica gel to remove water vapor, LiOH to
absorb CO., charcoal to eliminate odors, and two mechanical filters
before flowing back into the chamber. Temperature was maintained
at 20 to 25 C by first cooling the cycled air and then rewarming it by
a heating coil governed by a temperature sensor in the chamrber. Since
both fresh oxygen supply and recycled air were essentially dry, humidity
was controlled by a De Vilbiss humidifier regulated by an hygrometer.

d) 0 partial pressure was continuously determined polarographically
(Beckman Oxygen Analyzer), CO 2 tensions by an infrared spectrometer
(MSA-LIRA model 300) sensing the outflow leak; these parameters, as
well as total pressure, temperature, and humidity were continuously
recorded on a Philips Comprecorder 8400.

All control animals were kept in room air in the animal house at ambient pressure
(about 71.0 mm Hg).
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Figure 1. DIAGRAMMATIC REPRESENTATION OF EXPOSURE CHAMBER WITH

TENT AS ENTRY LOCK. Compare text for description.

Experimental Protocols

Experiment A: Correlation between hematological and pumnr hne.in
normal rats. Ten normal rats were placed into the chamber. At 12 24, 36,48 and
60 hours two animals were removed into the tent, anesthetized and prepared for blood:
and lung study as mentioned above. Simultaneously two previously matched control
animals were treated the same way.

Experiment B: Effect of •-tocophero! deficicncy on hematological and pulnonary
changes induced by oxygen. Of 20 related rats, 4 weeks old at the beginning, 1 2 were
fed an a-tocopherol (vitamin E)-free diet (NAFAG, Gossau, Switzerland), the others
being fed on standard rat chow of the same producer. After three weeks, 9 tocopherol-
deficient rats and the 8 controls were placed into the chamber in 98%0 Oa at 760 mm Htg.
The animals were removed from the chamber and prepared according to the above-
mentioned procedure according to table I. Three tocophero! -defricient rats were kept
in room air as controls and processed at the end of the exposure experiment.
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TABLE 1

PROTOCOL FOR EXPERIMENT B

Test Time of Removal Number of Animals
Group: from O0 Chamber Tocopherol Deficient Standard Chow

II 24 hours 2 2

III 36 hours 4 3

IV 48 hours 3 3

I room air 3 -

RESULTS

Preliminary Experiments

A series of preliminary experiments were performed with normal rats in order to
test the conditions of exposure and the time sequence of pulmonary changes. These
established that in our presently available rat straii. and under the above-mentioned
exposure conditions the previously observed pulmonary changes (Kistler, Caldwell
and Weibel, 1967) could be exactly duplicated, as well with respect to thickening of
the barrier and primary dart ge of endothelial cells, as with respect to the time course,
the animals rarely survivi ij or more than 72 hours in the chamber.

Experiment A: Correlation between hematological and pulmonary changes in normal

rats exposed to pure oxygen.

Pulmonary Changes

Figures 2 to 5 show the typical fine structural changes observed in these lungs.
Very distinct alterations were seen at -4 hours where the interstitial space was widened
by edema fluid accumulation (figure 3); the endothelial cells were in part structurally
damaged, whereas the alveolar epithelium was mostly unchanged. At 60 hours (figure
4) the endothelial cells were heavily damaged and partly destroyed. The alveolar
epithelium appeared altered, though less than the endothelial cells, and the alveoli were
partially filled with edema containing fibrin threads.

The alveolar and interstitial edema occurring after 60 hours of oxygen breathing
were particularly well demonstrated in a lung fixed by vascular perfusion according
to Lhe technique of Weibel ard Gil (1968), as shown in figure 5.
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At 36 ho,,r- some of these, •h•,iy• • 4A., Adisceribl particular inter-

stitial edema, though less marked than at later time points. The lungs of animals
exposed to 0, for 12 and 24 hours did not differ from the controls.

Key to symbols on electron micrographs

A Alveolus IN Interstitium

C Capillary EP Alveolar epithelial cell

EC Erythrocyte FB Fibroblast

ED Interstitial edema FN Fibrin

EN Capillary endothelial cell LC Leucocyte
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Figre2.ALVEOLAR C.APILLARY OF NORMAL RAT CONTAINING ONE
Figre2.ERYTHROCYTE (-EC) AND ONE RETICULOGYTE (RC). x 16'800.
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A"

Figure 3. EDEMATOUS ENLARGEMENT OF INTERSTITIUM AFTER 48
HOURS OF OXYGEN. Epithelial cell not modified, some sug-
gestion of endothelial cell damage (arrow) x 21 '800.
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Figure 4. AFTER 60 HOURS OF OXYGEN BREATHING THERE IS INTERSTMITIA
MEDEM AND EXUDATION INTO ALVEOLI WITH DENSE PRECIPITATES

(DP) AND FIBRIN THREADS (FN). x 13'250.
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Figure 5. LOW POWER ELECTRON MICROGRAPH- OF RAr LUNG EXPOSED) TO
OXYGEN FOR 60 HOURS FIXED BY VASCULAR PERFUSION. Inter-
stitial edema (ED) and alveolar exudate (AE) are particularll weil
demonstrated. x 5'800.

d- ')-j



AMRL-TR-69-130

In order to obtain an objective judgement of the ultrastrucrural changes the sets
of electron micrographs derived from these preparations were judged in a double
blind test by three independent experierced investigators. An arbitrary system of
scores was used. Figure 6 summarizes the main results of this analysis; for epi-
thelium and endothelium the quality of structural preservation was judged, for inter-
stitium the degree of edematous swelling. It is clearly seen that the fine structural
appearance of endothelial and epithelial cells deteriorates after 24 hours and that
edema is recognized from 36 hours onwards.

35-

030.

25 -~ EDEM TA L

210

I/12

',2 ;4 3ý ý3I

HOURS OF 02

Figure 6. DOUBLE BLIND EVALUATION BY SCORE SYSTEM OF QUALITY OF EPI-
TiELIAL AND ENDOTHELIAL CELL PRESERVATIGN, AND QUTANTITY
OF INTERSTITIAL EDEMA.

As these findings were in keeping with our previous results, and as, furthermore,
the hematological analysis did not reveal progress-ve changes with time, no morpho-
metric measurements were done on these preparations.
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Hematological Changes

As figure 7 reveals, hematocrit and hemoglobin cjntent of whole blood increased
in the test animals with 48 and 60 hours of exposure to oxygen, wherea6 they were in
the normal range (hemoglobin 14. 6 bis 10 g%, hematocrit 43. 5 Vol. %, Hagemann E.
1960), in the controls and in the test groups up to 36 hours. No significant changes
could be seen in plasma hemoglobin; but the variation in these data was so large that
a possible increase could well have been obscur-d by methodical error.

oW.*

60.

bO' ~HOUATOCI•T •

t:r
p.- 0~

00----FO -e *-- --------- S 9/lO0mt
#40-

W HEIOGLW
'301 20 z

~ C
20 -102:

I

HOURS OF 02

Figure 7. CHANGES IN HEMA'OCRIT AND HEMOGLOBIN IN ANIMALS EXPOSED
TO OXYGEN (FUL.L CIRCLES) AS COMPARED TO MATCHED CONTROLS
KEPT IN ROOM AIR (OPEN CIRCLES).

-I he degree of hemolysis occurring in decreasing concentrations of NaCi is
phxte-d in figure 8; the shaded. area correspords to the range of the control animals
kept in ro)rn air, the individual curves to the exposed rats. It is note-d that the
curves - !, exposed animals are all essentially within the range of controls but that
they appear shifted to the left-hand part.
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Figure 8. EFFECT OF OXYGEN BREATHING ON OSMOTIC FRAGILITY OF
ERYTHROCYTES. Shaded area indicates range of controls, indi-
vidual curves test animals.

This slight shift is significant at the P < U I level, as revealed by the comparison
of the NaCI concentrations at which 5F hemolysis occurs (figure 9). A comparison cf
individual curves at each time point showed that the hemolysis curves had a clear
tendency to shift to the left, i. e. to lo-wer salt co.icentracions. This indicates that
prolonged exposure to pure oxygen has slightly reduced osmotic fragility of red celL:.
It is of further interest that an apparent incrcase of immature red cells, particularly
of reticulocytes was noceu in the alveolar capillaries of :he experimental animals.
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5o PERCENT HEMOLYSIS

z o

1I- 0.43- 0<1
0.42 -
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Figure 9. SALT CONCENTRATIONS AT WHICH 5076 HEMOLYSIS HAS OCCURRED
FOR CONTROLS (C) AND 02 EXPOSED ANIMALS.

Experiment B: Effect of a -tocopherol deficiency oa hematological and pulmonary

changes induced by oxgen

General Observations

All animals fed on a-tocopherol deficient diet showed marked signs of develop-
mental retardation: they are smaller and their weights were 25 to 60 percent below
their matched controls (table II). One of the animals died spontaneously after two
week.s.

Upon exposure to pure oxygen the health of the tocopherol-deficient aninials de-
teriorated much more rapidly than that of controls: already after 24 hours they be-
came cyanotic and lethargic, and one animal died after 36 hours, whereas it takes
at least 48 to 60 hours for normal rats to develop clinical signs of respiratory diffi-
culties.
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TABLE 11

EXPERIMENT B: SYNOPSIS OF MORPHOMETRIC DATA

Harmonic
Lung eHear Barrier

Diet Hr B.W. Volume Vol. Alv. Cap. Barrier Epith. Endoth. Interst. Thickness

V c S A S C f ý. Tin L

02 gr.j ml a' m ma

3ocopberol 0 140 6.30 0.58 0.46 0.43 1.02 0.-5i 0.35 0.42 0.43
Deficient 120 5.30 0.48 0.43 0.34 1.11 0.29 0.35 0.46 0.40

Tocopherol 24 1O5 5.85 0.56 0.47 0.37 1.62 0.37 0.35 0.89 0.45
Deficient 110 5.67 0.41 0.50 0.39 1.44 0.35 0.36 0.74 0.43

Standard 24 265 7.20 0.72 0.46 042 1.09 0.25 0.36 0.47 C.42
265 7.47 0.82 0.46 0.41 1.29 0.35 0.43 0.51 0.41

Tocopherol 36 160 7.00 0.65 "45 0.38 1.91 0.50 0.54 0.86 0.50
Deficient 155 6.30 0.62 0.54 0.46 1.40 0.32 0.36 0.73 0.45

Standard 36 210 7.30 0.82 0.62 0.52 1.20 0.30 0.39 0.49 0.43
200 7.29 0.71 0.50 0.44 1.19 0.34 0.37 0.47 0.37

Tocopherol 48 155 6.30 0.42 0.48 0.33 2.06 0.41 0.53 1.10 0.65
Deficient 120 5.49 0.31 0.48 0.32 1.85 0.34 0.39 1.12 1.50
Standard 48 250 7.56 0.'1 0.60 0.55 1.55 0.38 0.31 0.85 0.42

280 7.47 0.77 0.54 0.40 1.80 0.41 0.40 0.99 0.40

Pulmonary Changes

The animals fed on tocopherol-deficient diets which were kept in room air for the
duration of the experiment showed a practically normal fine structure of the alveolar
capillaries and of pulmonary tissue (figure 10), with the exception of the focal occur-
rence of cytoplasmic 'ballooning" of epithelial cells as it is seen on figure 15 in an
extreme case. Exposure to oxygern for up to 48 hours of the control rats fed standard
chow led to the fine structural changes observed in experiment A with clearly recogni-
zable change, particularly development of interstitial edema, occurring at 48 hours.

In contrast, the tocopherol-deficient rats developed severe changes already after
24 and 36 hours (figures 11, 12); these were comparable to the alterations observed
in normal rats after at least 48 hours of exposure. The endothelium did still not
exhibit marked structural damage, but the interstitium was edematous. At 48 hours,
however, the endothelial cells appeared largely destroyed. Figure 13 shows a capillary
with a collapsed lumen, swollen rough-surfaced endoplasmic reticulum cisternae, and
myelin figures in a mitochondrion. Further examples of capillary closure with endo-
thelial destruction appear in figures 14 and 15. In figure 14 the outline of the cells is
barely recognizable; the perinuclear cisterna is greatly swollen.
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Figure 10, ALVEOLAR CAPILLARY OF TOCOPHEROL DEFICIENT RAT KEPT IN
ROOM AIR AS CONTROL. x 11 '000.

242



AMRL-TR-69-1 30

Figure 11. ALVEOLAR CAPILLARY OF TOCOPHEROL DEFICIENT RAT EXPOSED
TO 02 FOR 24 HOURS. Note partial destruction of capillary endotheliUrn
and formation of interstitial edema. x 15t (XX).
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EDE

Figure 12. INTERALVEOLAR SEPTUM OF TOCOPHEROL DEFICIENT RAT
EXPOSED TO 02 FOR 36 HOURS. Edematous enlargement of
interstitium with some macrophagc. (MP) x 10'300.

244



AMRL-TR-69-130

A

Figure 13. TOCOPHEROL DEFICIENT RAT, 48 HOURS OF O0. Endothelium of
capillary with collapsed lumen (arrow) shows greatly swollen endo-
plasrnic reticulum cisternae (ER) x 31 '200.
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Figure 14. TOCOPPi;.ROL DEFICIENT RAT 48 HOURS OF 02. Destroyed capillary;
endothulial cell partly disrupted and partly swollen. Enlargc-ment of
endoplasmic reticulum and perinuclear cisterna (PC). Epithelial cells
structurally well preserved. x 21 '800.
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'A

Figure 15. INTEAALVEOLAR SEPTUM OF TOGOPHEROL DEFICIENT RA r
EXPOSED TO OXYGEN FOR 48 1hOU-RS. Complet Closure of cap-
illaries duc to swelling and disruption of endothelial cells.~ E pi-
thelial cells show two examples of cytoplasmic "ballooning" which
is also observed in controls. otherwise the epithelium appears well
preserved. x 21'800).
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The alveolar epithelium appeared unchanged over vast areas; however in some

regions it exhibited "blebs" of swollen cytoplasm extruding towards the alveolar space

(figure 15);, but such changes could also be observed in the tocopherol deficient rats

kept in room air, as mentioned previously.

The morphometric findings are summarized in tab # I. The most striking change

relates to the thickness of the air-blood barrier (figure 16). The progressive increase

in barrier thickness in the animals fed standard diet is in keeping with the previous

findings: the interstitium doubles its size after 48 hours of oxygen, whereas endo-

thelial and epithelial thickness remain unchanged. In the tocopherol-deficient animals

the interstitium has more than doubled its volume after 24 hours and continues to in-

crease. From 36 hours on endothelium and epithelium appear enlarged, which goes

along with their observed cytoplasmic swelling (figures 12 to 14). The effect of cap-

illary destruction becomes apparent after 48 hours in a reduction of the capillary

volume (figure 17). In normal rats this occurred after 72 hours only.

2.0" .0

IEN

5 ENE1

IwIN;""N 
IN IN

EP 
EP EP

TD S To S T1) S To

R A 24 36 48 HR 01

Figure 16. CHANGE IN THICKNESS OF AIR-BLOOD BARRIER AND ITS COMPOSI-

TION IN TERMS OF ENDOTHELIUM (EN), INTERSTITIUM (IN). AND

EPITHELIUM (EP) IN TOCOPHEROL DEFICIENT RATS (TD) AS COM-

PARED TO NORMAL RATS FED STANDARD DIET (S).
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*/100W
* TOCOPHfROL DEFICIENT
o STANDARD DIET
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6 2 36 '48 Hr O,

Figure 17. CAPILLARY VOLUME IN TOCOPHEROL DEFICIENT (FULL SYMBOLS),
AND STANDARD DIET RATS (OPEN SYMBOlS), IN ROOM AIR AND
DURING EXPOSURE FOR 24, 36 AND 48 HOURS TO OXYGEN.

Hematological Changes

Hematocrit and whole blood hemoglobin were increased in the tocopherol-deficient
rats exposed to oxygen, as weil with respect to room air controls as to exposed nor-
mal rats (figures 18 and 19).

The osmotic hemolysis curves, presented in figure 20, showed a most interesting
vdttern: whereas the room air controls of tocupherol-deficient rats had their curves
shifted towards lower NaCi concentrations, as compared to nornml rats exposed to
oxygen, suggesting reduced osmotic fragility, the oxygen exposed tocopherol-deficient
rats showed a rapid and marked shift to higher concentrations. This must bc inter-
preted as rapid and progressive increase in osmotic fragility.
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Figures 18 and IQ. CHANGE IN HiEMATOCRIT AND) tEMOGLOBIN IN TCK.OPItEROI.
DEFICIENT (FULl. DO)T'), AND STANDARD DIET RATS (OPEN
CIRCLES) IN ROOM AIR AND D['RING EXPOSURE FD OXYGEN.
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Figure 20. EFFECT OF OXYGEN BREATHING ON OSMOTIC FRAGILITY OF
ERYT-IROCYTES IN TOCOPHFROL DEFICIENT RATS (TD).
Shaded area indicates range of hemolysis curves in normal rats
exposed to oxygen for 24 to 48 hours.

This is further documented in figure 21 where the concentrations at which 50, 7r0 -
lysis -- urred are plotted against exposure time. That there is a progressive change
in osmotic fragility is clearly revealed by :he change in shape of the upper half of the
curves (figure 20), particularly in the region of 80 to 907 hemolysis, which graiduallk
shifts from 0. 33 to 0. 44 percent NaCI at Q90 hemolysis (figure 22).

Electron microsccoy revealed very bizarre shapes of erythrocvtes to detvelok'
after 24 to 36 hours (figure 13). The membrane appeared to becomne invaginrvitd:
this resulted in the picture of la-go membrane botind vacuoles within the ccl!:;. It nm,%
however well be that these vacuoles are also deep inmagiiations of thte suirf.cc mndit•.-
brane cut transversely by the section.
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rC,"/ HEP4OLYSIS
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Figure 21. SALT CONCENTB.ATIONS AT •ilCH 50% HE. ,OLYSIS HAS OCCURRED
?,OR TOCOPHEROL DEFICIENT (FULL DOTS) AND NORMAL RATS
(OPEN CIRCLES) EXPOSED TO OXYGEN.
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% No CI 90% HEMOLYSIS
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Figure 22. SALT CONCENTRATIONS AT WHICH 90% HEMOLYSIS HAS OCCURRED
FOR TOCOPHEROL DEFICIENT (FULL DOTS) AND NORMAL RATS
(OPEN CIRCLES! EXPOSED TO OYYGEN.
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a

Figure 23 (a).

254



I
AMRL-TR-69-130

' !..

Figures 23. STRUCTURAL CHANGES IN ERYTHROCYTES OF TOCOPHEROL DE-
FICIENT RATS EXPOSED TO OXYGEN FOR 24 (a) AND 36 (b) HOURS
CONSIST IN INVAGINATIONS OF MEMBRANE (ARROW) WITH CON-
SEQUENT VACUOLIZATION AND DISTORTION OF SHAPE. a: x 45'500
b: x 64'500.

DISCUSSION

1. Hematological Changes Induced By Oxygen

It was most interesting to note that exposure to oxygen at 760 mm Fig led to a
slight reduction in osmc:ic fragility of erythrocytes. This result was not highly sig-
nificant (P < 0. 1), mainly because the osmotic hemolysis curves from exposed animals
were all within the range of parallel controls, but the trend is still evident. At first
sighz, this finding is in apparent contradiction to the observation by Danon (1966) that
osmotic fragility of O.-exposed rabbits is increased. But this may also mean that, in
the interpretation of Danon, "old" cells become rapidly damaged by oxygen which
leads to their elimination from the blood within a few hours. The remaining population
of crythrocytes would then he relatively "young" which is expressed in a reduced
osmotic fragility.
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The progressive increase in osmotic fragility of erythrocytes of a -tocopherol
deficient rats is in line with the observations of other authors, particularly the group
of Mengel (Mengel, 1964; Kann, 1969). Whereas most of the work has been done with
O applied at several atmospheres of pressure, in a recent article Goldstein and
Mengel (1969) have shown that hemolysis occurs in mice also at lower pressures
though after protracted periods of time. Extrapolating to 1 atm. their curve on the
dependence between pressure and time for causing hemolysis in tocopherol-deficient
mice, grossly detectable in vivo hemolysis should occur after some 75 hours of ex-
posure. It is therefore quite likely that an increase of in vitro osmotic fragility pre-
cedes overt hemolysis.

We were not able to detect hemoglobinemia as clear signs of in vivo hemolysis.
This does not mean that no hemolysis has occurred, as the method u-sedto determine
piasma hemoglobin showed very large variations even in controls, which made an
interpretation of the data impossible.

That a replacement of red cells must tAke place was evidenced by the observation
of a marked increase in immature red cells, mainly reticulocytes, in the alveolar
capillaries.

One intriguing finding was the increase in hematocrit and total hemoglobin, which
was observed in both experimental groups to occur in the later phase of 03 poisoning.
This may be explained by two alternative processes: either it is the expression of
hemoconcentration due to fluid loss from the blood in connection with the formation of
edema, or the observed increase in reticulocytes must be interpreted not as replace-
ment of destroyed and eliminated red cells, but as supplemental release of new ery-
throcytes into the blood. The present experiments would tend to favor the first hypo-
thesis: it can be easily calculated that the observed accumulation of fluid in pulmonary
interstitium and alveoli, and in the pleural cavity can amount to something of the order
of 2. 5 ml or more. This would be nearly sufficient to raise the hematocrit of a 200 g
rat from 42. 5 to 5670, as observed in experiment A at 60 hours of exposure. The
contribution of an elevated number of reticulocytes to this increased hematocrit is
furthermore unlikely because total hemoglobin increases in parallel and reticulocytes
are known to contain less hemoglobin per unit cell volume than mature cells.

2. Pulmonary Changes

The general pattern and sequence of cytotoxic oxygen effect on the lung observed
in both experiments agrees with our previous observations on rat lungs (Kistler,
Caldwell and Weibel, 1967) and also with the initial changes in the monkey lung (Kapanci,
Weibel, Kaplan and Robinson, 1969). In the normal rats we observed a delay of 24
to 36 hours before the onset of clearly discernible morphological changes. In the
tocopherol-deficient animals however the cellular damage occurs within 24 hours, and
at that time it corresponds in degree about to the changes observed after 48 hours of
oxygen breathing in normal rats. At 48 hours capillary destruction is at least as
intense as that found after 72 hours in normal rats.
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The alveolar epithelium of tocopherol deficient rats appears rather well preserved
throughout the experiment, except for some cytoplasinic "ballooning" in thin portions
of squamous cells. Two examples of this change are shown in figures 13 and 15.
However, these changes were not frequent, and they could even be observed in lungs
of tocopherol-deficient rats kept in room air. It can thus not be excluded that this is
a change induced by tocopherol deficiency, which may perhaps become aggravated in
a high O atmosphere.

3. Correlation of Hematological and Pulmonary Chanýes

The exposure of normal rats to one atmosphere of pure oxygen could not reveal
any evidence on a temporal or causal correlation between red cell and pulmonary dam-
age, mainly because no progression in the red cell changes could be observed. Never-
theless such a correlation could not be excluded, since it may well be argued that the
apparent reduction of osmotic fragility of red cells is the cause for the time lag in
the occurrence of cytotoxic effects.

This argument may be particularly opportune in the light of the findings on toco-
pherol-deficient rats where we did not only find an aggravation but also a precipitation
of cytotoxic effects. The onset of cytotoxic effect of oxygen occurred within the first
24 hours and paralleled a rapid increase in osmotic fragility of erythrocytes. This
indicates a temporal colinearity in the cytotoxic effects on red cells and enuothelial
cells of alveolar capillaries.

Further experiments will be needed to show whether there is a causal interrelation-
ship between red cell and lung damage. It can, for example, not be excluded that
tocopherol deficiency acts also directly on the pulmonary cells in the sense of increasing
their susceptibility to high oxygen tensions. But we then are still left with the problem
why alveolar epithelial cells have not become more susceptible to oxygen as they are
remarkably well preserved even after 48 hours of oxygen while the endothelial cells
have undergone very extensive destruction.

4. Conclusions

This experiment has shown that pulmonary damage due to high oxygen tensions be-
comes more severe and develops at an ear lier time point in tocopherol deficient rats,
and that this is paralleled, or maybe prec ded, by the well-known increase in osmotic
fragiiity of erythrocytes. To prove a causal relationship between hematological and
pulmonary changes further experiments, using in part the model of tocopherol deficient
animals, will be required.
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DISCUSSION

DR. CAMPBELL: How much of the lung did you prepare for electron microscopy
and how much did you review to come up with these nice demonstrable changes? In
other words, can you process only a small sample of the lung and see these things?

DR. WEIBEL: Oh, yes. I can tell you that actually the quantity of the material
that we have really quantitatively analyzed for morphometry is zero because we are
using point sampling techniques. I don't think I can go into the details of the sampling
problem in morphometry. I think we have gone into that on previous occasions, but
essentially the main question is not how much tissue you examine for diffuse changes
as we have them here, but how well you sample it from the lung and these are strictly
random sampling techniques; I should perhaps qualify that--they are systematic sampling
techniques which are unbiased. Also the measurement techniques are unbiased.

DR. LEON: I would just like to say that on your osmotic fragilities, we are work-
ing with Dr. Danon's Fragilograph and of course the one drawback to the fragilograph,
which Dr. Danon recognizes, is that the scale is condensed at that end that we are most
interested in; that is at the end where the older cells start to hemolyze first, and we
are developing a computer program that will take the fragilograph recording, convert
it and linearize it, stretch it out, and will then quantitate the red blood cells in each
onolarity or percentage salt concentration, and give you a quantitation. We don't

quite have it developed yet, but if anybody is interested in the program, just write ine
a letter and I'll send it to him just as soon as we get it finished.

DR. WEIBEL: I could perhaps comment here that the data you have seen here
has not been done with a fragilograph for only one reason. That is the deliver,,' time
was a little over nine months and in the meantime we wanted to get our experiments
started, so we did it the ',,,rd way by using little tubes and pipetting the different salt
concentrations; however this may account a little bit for the spread of the curves,
but we now have repeated the studies by using the fragilograph and we come up with
the same rsults.

DR. Cth MPBee aLIsh This morning there seemed to be some question that the changes
in the red cells as the result of the oxygen exposure might be not actual1N intravascu-
'ar hemolysis but might be an effect which is causing them to be removed in the RE
system, Yet you suggest that these changes are occurring intravascularlv to the point
("of actual hemolysis, and I think in one slide you showed morphologic evidence that ihis
is true. Is this a difference in degree of the same type of change, where before there
may not have been much in the wa\ of intravascular hemolysis but the same sort of
change in a lesser degree causing them1, to be recognized ý,nd rLemloved b\ the RE svstem"
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DR. WEIBEL: Well, I think that you may get a very small amount of leakage of
hemoglobin or 'erhaps only ferrous ions from the interior of the red cells, when you
get the peroxidative changes in the membrane. These are likely to take place right in
the lung, depending on how fast this can happen, you may get the leakage there into the
capilJary whereby these iron ions could be picked up by the endothelial cells immediately,
perhaps stuck to the extracellular coat, so that you couldn't pick them up in the venous
blood after passing through the lung. You need only trace amourts for the in vitro
causation of peroxidation of lipids or enzyme inhibition, only trace amounts of ferrous
oxides. You can see just a little bit get out. As a matter of fact, I have shown you
here pictures of damaged red cells. Now we have also found, and this has been pub-
lished in the previous papers, mainly in the monkey, lung capillaries which had a
plasma of about the same density as the interior of the red cells so that it appears that
there was a profuse loss of the material that gives the red cells its density--mainly
hemoglobin into the plasma.

We also found in the oxygen exposed animals erythrocytes of various different
electron densities, some have a grey shade, some are almost black. This can be due
to a swelling, taking up of a fluid, or to a partial loss of the capillary. Of course,
this does not prove anything but circumstantial evidence.

MAJOR SINCLAIR: I believe you said the oxygen exposed cells shifted to the left
indicating increased resis-,aice to fragility. Can you explain that?

DR. WEIBEL: That is just a matter of how you set up your scale. On the left
hand side are lower concentrations of sodium chloride. So if a cell hemolyzes at a
lower concentration of sodium chloride, it will have a high resistance to osmotic shock
or a reduced fragility, whatever you want to say.

DR. TOWNSEND: This has been extremely interesting. There arc a number of
papers in the last year or two dealing with hemolytic anemia, hemolytic processes,
with tissue damage, but time does not permit us to mention these, but if anybody is
interested, I have looked up some of the literature on this.

260



AMRL-TR-69-130

PAPER NO. 18

ELECTRON MICROSCOPIC EVALUATION OF KIDNEY CHANGES

IN TOXICITY STUDIES

Willy Mautner, M.D.

Mount Sinai School of Medicine
New York, New York

INTRODUCTION

Studies previously reported at these meetings indicated various changes in the
tubular cells of kidneys of animals exposed to pure oxygen, oxygen/nitrogen mixtures,
and monomethylhydrazine. Electron microscopic studies were performed on serial
renal biopsies from monkeys and dogs following translocation of the left kidney to a
subcutaneous site to facilitate the biopsy procedure. Although cellular alterations
varying with the type of exposure could be demonstrated for each group, these studies
were deficient in lacking control animals exposed in Thomas domes at ambient atmos-
pheres, and adequate control studies of the effect of the translocation procedure. The
purpose of this presentation is to report the findings in these control animals, and to
place the previously reported findings in proper perspective.

MATERIALS AND METHODS

Monkeys and dogs were subjected to unilateral translocation of the kidney and
then exposed in Thomas domes to one of the following:

1) 100%0 oxygen at 15 PSIA for 3 - 12 days
2) 10070 oxygen at 5 PSIA for 3 - 7 months
3) 68o% oxygen, 32% nitrogen at 5 PSIA for 3 - 7 months
4) Ambient atmospheres at 15 PSIA for 5 months

In addition, groups of animals were injected with various amounts of monomethyl-
hydrazine (MMH) !ntraperitoneaily (George, 1968).

Serial renal biopsies were performed on the translocated kidney before, during,
and after exposure. Complete necropsies were performed within one year after the
completion-of each experiment. Methods of translocation, atmospheric exposure,
biopsy, tissue processing and electron microscopic investigation were reported pre-
viously (Kaplan, 1967; Felig, 1965; Mautner, 1966).
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RESULTS

1) Morphologic changes due to translocation: It was previously reported that a
aumber of animals showed changes in the translocated (as opposed to the in situ) kid-
ney several months following the translocation procedure, irrespective oflrheFtype of
exposure (Mautner, 1968). Further studies indicate that such alterations, far from
being occasional complications of the translocation procedure, can be found in approx-
imately 9070 of translocated kidneys within 6 - 8 months following the procedure, pro-
vided only that a sufficient number of sections from each such kidney is examined.
Although these changes varied in distribution and severity, they had the following feP -

tures in common:

a) Tubular cell degeneration, frequently to the point of necrosis, involving
both proximal and distal tubules.

b) Increase in inte -stitial connective tissue.
c) Scar formation.

Occasionally, vascular changes were observed in medium-sized arteries.

The nature of the scars varied markedly. The most common type consisted of
thin bands of fibrous tissue extending from the medulla to the cortex, usually perpen-
dicular to the plane of the capsule. Others were thick, obviously replacing a number
of adjacent degenerated nephror-. Usually intact or partially intact glomeruli were
found within the scars. The degree of indentation of the capsule at the insertion of the
fibrous bands varied, but in the majority of cases was slight and occasionally absent.
Connective tissue stains were weakly positive for collagen. All thcese .".:cors suggest
that these lesions were of relatively recent origin.

In addition to fibrous bands, focal areas of fibrosis were scattered throughout
these kidneys. These varied in size, shape, and distribution, but the majority were
located in the cortex. In a few instances flat s-'ars were jund immediately below, and
parallcl !n, the renal capsule. Focal thickening of the capsule was frequent.

There was substantial variation in the degree of inflammation found in the various
scars. The inflammatorv exudate was usualiy of a chronic naturc:, consisting primarily
of lymphocytes and macrophages, but occasional polymnorphoituclear leukocvtes were
found.

Electron microscopy of tl . scarred areas (figure 1) showed the expected increase
in collagen fibers between degenerating t'hu!es, mixed with fibroblasts, rmacrophages,
and lymphocytes. The remaining identifiable tubular cells showed loss of cytplasm,
and the tubular basement membraines were markedly thickene(d.

Electron micr(scopy of the unscarred areas (figure 2) showed normal struckture
in unexposed and MMII exposed animals.
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Fipg;re 2. SAME AS FIGURE 1, UNSCARRED AREA. Proximal tubule with basement
membrane at top, nucleus at right edge, brush border and iumen at bottom,
showing normal architecture and cytologic details. X25, 009
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2) Atmospheric exposures: The proximal tubular alterations following exposure
to pure oxygen, both at 5 and 15 PSIA, have been reported (Mautner, 1966, 1968).
These consisted of marked irregularity in the profiles and cristae of the mitochondria
of proximal tubular cells, and an increase in the number of microbodies. These
changes were partially reversed upon continued exposure. Animals exposed to 68%0
oxygen, 32% nitrogen at 5 PSIA showed similar, though much less severe, mitochondrial
alterations which were not reversible, and were not accompanied by an increase in
microbodies. Animals which were exposed in the same way (Thomas dome) to ambient
air at 15 PSIA (figure 3) showed exactly the same changes as those reported in the
animals exposed to the oxygen-nitrogen mixture. There was smudging and disappear-
atice of mitochondrial cristae and some degree of swelling of the mitochondria. The
architecture of the tubules was preserved. There was no discernible increase in the
number of microbodies.

3) Monomethylhydrazine exposure: George (1968) reported extensive vacuolization
of proximal and distal tubular cells during the acute stage of MMH intoxication. Elec-
tron microscopic studies of these animals six to twelve months after exposure reveal
areas of scarring (figure 1) as in all animals following transplantation, and perfectly
normal areas (figure 2). Consequently, residual changes due to exposure cannot be
detected, although the existence of focal alterations cannot be ruled out.

DISCUSSION

Unilateral translocation of the kidney to a subcutaneous site has been used in a
variety of acute experiments requiring serial renal biopsies. In the present series,
requiring exposure for many months following translocation, fibrotic changes have
been found which interfere substantially with the interpretation of the exposure effects.
All data presented have indicated that these are scars of recent origin, with as yet
little or ne cicatrization; and that the tissue between scars is normal in architecture
and cytologic detail. It must be assumed, however, that as these scars contract,
pressure effects on the surrounding tissue will make this material useless for toxico-
logic studies. Although the exact temporal relationships have not yet been worked
out, these studies suggest that the translocation procedure can be used without reser-
vation for acute experiments; that it can be used for chronic experiments up to approx-
imately one year provided the degenerative changes caused by the procedure are taken
into account; and that it is useless for long term experiments.

The cause of scarring following translocation cannot be determined from these
findings. The thin bai,..2 perpendicular to the capsule resemble vascular scarring;
the subcapsular, flat scars suggest a traumatic etiology; scattered, irregularly shaped
areas of fibrosis, sometimes with intense inflammation, are reminiscent of inter-
stitial pyelonephritis Most likely, all three contribute to the development of these
lesions.
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A.

Figure 3. ELECTRON MICROGRAPH OF PROXIMAL TUBULE OF MONKEY EXPOSED
TO AMBIENT AIR IN THOMAS DOME FOR 5 MONTHS. Brush border at
upper left, basement membrane at lower right. Overall architecture is
preserved, but mitochondria show irregular outlines, swelling. and loss
of cristac. X22, 200

266



AMRL-TR-69-130

The finding of tubular alterations in animals exposed to ambient air in the Thomas
domes suggests that there may be a ý;.ýabstance within these domes causing these changes.
There is no evidence to suggest that these changes are necessarily degenerative; they
may be purely adaptive. It can only be concluded that animals exposed in Thomas
domes are subject to some change in environment which causes slight submicroscopic
alterations in the proximal tubules. Animals exposed to pure oxygen at either 5 or
15 PSIA show changes which are more severe and Rlightly different; animals Pxposed
to 68%0 oxygen, 32%0 nitrogen, do not.

SUMMARY AND CONCLUSIONS

1) Translocation of the kidney for serial renal biopsy studies is a useful procedure
for acute experiments, but causes degenerative changes which must be taken into
account in chronic experiments and may make the procedure useless for long term
experiments lasting more than one year.

2) Exposure of animals to ambient air in the Thomas dome catLses slight sub-
microscopic alterations in the proximal tubular cells. It is not known whether these
changes are degenerative or adaptive.

3) Animals exposed to pure oxygen show more severe changes than the control
animals. Animals exposed to oxygen-nitrogen mixtures with a normal partial pressure
of oxygen resemble those exposed to ambient air.
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DISCUSSION

MAJOR CARTER: Did you ever observe any of the scarring in kidneys not biopsied?

I'm curious about the scarring.

DR. MAUTNER: I didn't get the question.

QUESTION: Had all the exteriorized kidneys been biopsied at least once?

DR. MAUTNER: All were biopsied, yes, somewhere along the way. A couple
were biopsied only terminally. Are you trying to suggest that the scars may be due
to the biopsy?

MAJOR CARTER: Yes 1 am, because I did a few of those and my techniaue was
very poor.

DR. MAUTNER: I would suggest that there may be as many as 36 of these scars
in one kidney. Do you think you could get that many, even with a poor technique?

MAJOR CARTER: I don't know, poor as my technique was, there couid have
been, I think it might be worthwhile, if we are interested in using this any more, to
take any number of animals and exteriorize them without biopsies and let you look at
them again if you would be interested.

DR. MAUTNER: The animals that were killed yesterday--were they biepsied

before?

MAJOR CARTERý Yes, they were.

MAJOP. THEODORE: Could you discriminate between micro infarcts aad secon-
dary pyelonephritis on a long term? Because when you look at the renal artery you
really don't have mucn room to play with it when you try to exteriorize a kidney.
I'm just wondering how much of vhe changes, if you could tell (I know in chronic con-
ditions if you were looking at scars it would be very difficult) but is thier' an' evidence
to suggest anywhere along the line ischemic infarctions then with superimposing pyclo-
nephritis, which in a late stage you may not be able to tell'?

DR. MALITNER: I believe that there is an infectioum component because some
of the areas are so full of inflammatory material so that woL can obviously get inflail -
mation simply as a consequ2nce of rephrosis, of cutting down the HlOWd flow, and tiLe
question always is how much inflammation do you need to call it an infectious pr(oess
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rather than simply a vascular process? The answer is I cannot distinguish with any
degree of certainty. I just have a feeling that these animals are susceptible to various
insults. That there is something that is done to the vasculature which causes at least
a part of these scars and that there is an element of pyelonephritis or inflammation,
no question about it.

MAJOR THEODORE: Just for my own benefit. I'm assuming that you are con-
cluding that yo,, can't really tell if there are any effects of oxygen toxicity on these
studies.

DR. MAUTNER: Oh yes I can. I believe that if I stay out of the scar when I do
electron microscopic work on these kidneys, I can make a distinction and there is some
reason to support this because we did biopsies terminally on both sides of tle explanted
kidney and the one was not touched, you see, and the changes as far as the exposure
changes that I am talking about are the same in the two kidneys.

MAJOR THEODORE: Right.

DR. MALUI NER: The changes are diffuse. The scars are focal and different
from one kidney to the other.

MAJOR THEODORE: What abo,, irr. cf tva;,.ular changes that you demonstratedt
You hao minimal thickening.

DR. MAUTNER: Very minimal.

MAJOR THEODORE: I'm just saying that a synergistic effect from two different
processes may explain ihis. I'm not saying for sure, but I think caution is warranted.

MAJOR MAC KENZIE: Did you see similar lesions in the unexteriorized kidney?

DR. MAUTNER: No--Look I gave two talks here essentially. I talked about the
exteriorization of the kidney and that was a unilateral phenomenon, and then I talked
about changes due to exposures, that was a bilateral phenomenon.

DR. WEIBEL: tlow did you then sample the not cxteriorizcd kidney?

DR. MALTI'NER: We biopsied it at time of sacrifice.

DR. WEIBEIL: I see.

DR. (701 11 STON: It is a beautiful piece of work, quite clear. Would you care to
speculate on the mitochondrial regeneration or reappearan-, s of mitochondria in these
chronic studies?

D)R. MAII'NER: I don', think that mitochondria reall'. disappear and reappear.
I think thev arc altered. I think that the cristae or internal s-ructures sort of bh,'omne
Vague Or disappear actually in many of them.
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DR. COULSTON: No generations of mitochondria involvcd there?

DR. MAUTNER: No evidence that there is and as far as speculating as to what
the cause of this might be, I wouldn't want to say.

DR. COULSTON: I agree with your interpretation. The best way is to sad it
is a physiological adaptation to the particular chemicals that you arc studying. ' ou
can't say that it is toxic or not toxic, but vou can say that there is an alteration and
this alteration is probably reflected in contrast with other things that arc involvcd in
the mitochondria. Did you see any changes in microsomes, in the mirosomal area'*

DR. MAUTNER: Well you know the kidney is not like the liver. IR doesn't have
the beautiful endoplasmic reticulum; surely it has some, although I did not see any
changes.

DR. THOMAS: Dr. Maurmer, did ,,ou say that the oxygcn chamncs at 5 psi wer,
reversible or showed a tendency to reversc?

DR. MAUTNER: Yes, the mixed ,,as and the dome control are not showing any
change in reversibility.
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INTRODUCTION

In closed atmospheres, carbon monoxide (CO) is a trace contaminant which merits
special consideration because of its toxicity and ubiquity. In SEALAB II, the CO con-
centration gradually increased to about 30 ppm, and was strongly suspected of being
the cause of headaches among the Aquanauts living under hyperbaric conditions
(Saunders ,et al, 1967). The rate of buildup of CO in the habitat during the initial
phase of the SEALAB Operation was about 1.4 liters per day, and its source was never
established with certainty.

In experiments to 100 psig, it has been shown that the toxicity of CO to animals in
high pressure helium-oxygen atmospheres is directly related tu the partial pressure
of the CO, at a constant partial pressure of oxygen (Siegel, 1969). During qualification
dives to 600 ft for SEALAB III in a pressure chamber, atmospheric CO was monitored,
and blood samples from some of the divers were analyzed for carboxyhemoglobin4 The
carboxyhemoglobin levels found correlated well with the partial pressure of CO in the
atmosphere as predicted by the Haldane Equation. Since the physiological action of CO
is a function of its partial pressure, problems associated with CO become accentuated
in hyperbaric systems. For example, for the continuous exposure of men at a pressure
of 20 atmospheres, the concentration of CO must be kept below one to two parts per
million. Maintaining such low limits for this contaminant increases the problems of
monitoring this gas and removing it from the atmosphere.

There are many potential sources of CO in hyperbaric atmospheres and undersea
habitats. These include cooking, reactions of activated charcoal, outgassing of materials
of construction, and the sea itself. Man himself produces about 10-20 cc of CO per day
(Cooper, 1966). A laboratory study has been carried out on potential sources of CO,
with cmphasis on cooking and the reaction of oxygen with activated carbon. In order
to accomplish these studies and also to monitor CO in field situations, it was necessary
to develop sensitive methods of analysis for this gas.
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SOURCES OF CARBON MONOXIDE

Cooking

The cooking ot foods is a very likely source of CO in closed atmospheric environ-
ments, particuiafly if the food is somewhat burned. A study has been carried out to
determine the volume of CO that might be produced by cooking both in air atmospheric
pressure, and in a high pressure helium-oxygen atmosphere with a low oxygen concen-
tration. As examples of food which seemed likely to produce CO when cooked, bread
was toasted; and suet, representing fat, and steaks were broiled.

The cooking experiments were carried out in a pressure chamber which had a
volume of 142 liters, a working pressure of 315 psia, and was equipped with a fan to
ensure mixing of the gases. After filling the chamber with the desired atmosphere to
the desired pressure, the food samples were cooked in it to various degrees of charring.
Carbon monoxide concentrations in the chamber were measured before and after the
cooking, and from the difference in these values, the amount of CO evolved from the
sample was calculated.

The food was heated in a toaster (or broiler) made of stainless steel. It was a
simple framework about 10 x 5 x 4 inches high, which supported an electrical heating
plate at the top, a shallow pan at the bottom, and a screen between the heater and the
pan. The screen was used to support the food during cooking and was adjustable to
different distances from the heater, while the pan served to catch the drippings. The
pan, screen, and heater could be lifted from the framework for cleaning. Initially,
a 475 watt heater consisting of a coil of nichrome wire was used, but later it became
necessary -o shorten the wire in order to obtain enough heat to cook food in the helium
atmosphere because of its high thermal conductivity. The degree of cooking was con-
trolled by the amount of power supplied to the heater through a variable voltage trans-
former, and by the time of cooking. Under the conditions of the experiment, the food
could be cooked on one side only, so, with the exception of suet, the volume of CO
produced was doubled to represent cooking of both sides.

The quantities of CO formed during the cooking experiments are listed in table I.
Although it is difficult to draw highly quantitative conclusions from these data because
of the lack of reproducibility of the degree of cooking, they do indicate that certain
relationships exist. Significant amounts of CO are given off by toasting bread and
broiling meat. As one might expect, the quantity of CO produced is greater for a
greater degree of cooking and is increased particularly by charring of the food. It
appears that less CO is evolved, in general, by cooking in a helium - oxygen atmosphere
with a low oxygen concentration than in air.
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TABLE I

CARBON MONOXIDE GENERATED FROM COOKING

FOOD ATM. P(PSIA) DEGREE OF COOKING CO GENERATED

Bread Air 14.7 Dark brown <Q. 2 cc/slice*
Air 14.7 20o0 of surface charred <0. 2
Air 14.7 75%f of surface charred 1.8
Air 14.7 75%0 of surface charred 4.3
Air 14.7 75%1q charred completely through 34.0
He-0 2 2. 270 O 14.7 10070 of surface charred through 19.0
He-O2 1.4% O, 315 Dark brown 2.3

Steak Air 14.7 25%7 of surface charred 30 cc/1Og
Air 14.7 1007 c.1 surface c.,,rred 70
He-O 2. 1% 02 14.7 25%, of surface chari-2 10
He-0 2 1. 5T 00 315 Well d3rie 10
He-0 2 1.4570 Og 315 50,W, of surface charred 20
He-0 2 1.8%, 02 315 Almost all surface charred 10

Suet He-O 8 1. 5% 0, 315 Mc ited, residue (< 10%o) charred 80

*Average weight - 26g, average area 26 sq in (both sides)

One reason for the lack of reproducibility in cooking was variations in the thick-
ness of the steaks and warping of the bread slices. Limitations of the apparatus re-
quired that the food be placed very near the heater and, as a consequence, the food
was cooked unevenly with the thick portions and the high spots being heated more or
charred to a greater depth than were the lower surfaces. Another uncontrollable
variable was the change to a helium - oxygen atmosphere, which required a much
greater power input to the heater because of the high thermal conductivity of the helium.
These faccors made it necessary to estimate the degree of cooking of the samples
somewhat subjectively.

All the food cooked, with the exception (t the bread samples which had 75% and
100T of their surfaces charred completely through, was considered edible. The sur-
faces of the other highly charred slices of bread would require scraping to be con-
sidered palatable. The steaks used were cube steaks and had almost no fat. They all
were cooked at least well done, and none was charred to any great depth. The suet
was sliced to approximately the size and shape of the steaks, and was heated on the
drip pan, placed in the position where the screen had been for the other samples.
Du- .i 'heating, practically all of the suet melted except for a small residue (< 107,)
rebmnbling a mass of filaments or connective tissue that remained solid and was
charred. Conoiderabiy more CO was given off by the suet than by the lean steaks.
It is most likely that mch more CO would have been given off by steaks containing an
appreciable amount of fat than was obtained from the lean steaks used in the experiments.
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Activated Charcoal

Another possible source of CO in closed environmentaI systems is activated
charcoal, commonly used for the removal of trace organic contaminants, it has been
reported that chemisorbed oxygen forms a complex with carbon, which decomposes to

yield both CO and CO. (Loebenstein and Dietz, 1955). These chemisorption complexes
can be made to decompose by two methods, by an increase in temperature, and by re-
moval of the decomposition products, such as by purging the carbon with gas or by
evacuation. A study was carried out to determine if the amount of CO that might be
contributed by an activated carbon bed is significant in actual practice.

EFFLUENT
SAMPLE

CARRO
OR FLOWR4TOR

HOPCLIT THE'RW)COVPLESJT ---

HEATERS STAtIESS
STEEL WCOL

SAMPLE PRESSUREK- GAGE

WATER -

CONDENSER
FLOW CONTROL

VALVE

Figure 1. APPARATUS FOR STUDYING THE PRODUCT ION OF CARBON
MONOXIDE FROM CARPON

The apparatus used in this study i3 shot, n scherda~icalhy ir, figure 1. Gas mixtures
wet e passed through the reactor under various conditions, and the amount of CO evolved
was measured. The reactor consisted of a 29-inch length of 1¼i-inch OD stainless steel
tubing, mounted vertically, with the upper and Jower Peýctios "ncl ased in tvNo indepen-
dently controlled electrical heaters. The lowei. section, packed with stainless steel
wool, served as a preheater. The upper section consisted of 7/16-inch ID tubing and
contained a five inch deep bed of coconut charcoal of the type used aboard nuclear sub-
marines. Thermocouples were used to measure both the inlet and outlet gas tempera-
tures, and the temperature could be controiled to + 3 F by adjuscing the voltagc applied
to each heater. A water condenser was used to cool the g2 before it rcezhed the
pressure gauge and analytvcal instruments. Fer experiments at high relative humidities,
a water bubbler was placed between the gas cylinder end the reactor:.
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The carbon used weighed 7. 1 g, and the same charge of carbon was useC through-
out this study. Parameters varied included type of gas mixture, temperature, pressure
and relative humidity. The gas mixtures used were air and 1. 5% oxygen in helium;
pressures, 18. 2 and 315 psia; relative humidities, 4T. and 89%.. The temperature of
the bed was varied stepwise from room temperature to about 400 F.

A gas flow rate of 100 cc/min STP was used at both the low and high pressures,
which is equivalent to a flow of about 3 CFM per square foot through a larger bed.
The flow was relatively low as compared with those used in actual practice particularly
at the high pressures where the linear gas velocity was one twentieth that at atmos -
pheric pressure. However, it was expected that the lower flows should enhance the
CO concentrations produced, and lead to more accurate analytical data. The CO was
measured by means of gas chromatography, with a precision of about 40. 2 ppm under
the conditions used.

Figure 2 shows a typical profile of the CO concentrations found when the carbon
charge was heated. During heating, and for a short time thereafter, CO was fgiven
off by the carbon. After the carbon had been maintained at an elevated temperature
for a period of time, the CO level decreased, and after several hours, approached that
concentration originally present in the gas.

COCONUT CHARCOAL
140-F
18 2 PSIA

Co
(ppfll

0

"VHEATED TO 140-Ft I I I I
0 I 2 3 4 5 6

TIME (HRS)

Fignre 2. CARBON MONOXIDE EVOLVED FROM CARBON

279



hMRL-TR-69-130

Table II summarizes the data obtained under various conditions. The column,
"Max CO Evolved", refers to the maximum of peaks similar to that shown in figure
2, while the "M•. CO Evolved" values are those levels of CO given off by the carbon
after several hours at temperature.

TABLE II

CARBON MONOXIDE PRODUCED FROM ACTIVATED CARBON

GAS MIXTURE P(PSIA) T 'F MAX. CO EVOLVED (ppm) MIN. CO EVOLVED (ppm)

98.5% He 18.2 75 <0. 2 <0. 2
"1.5(02 18.2 140 1.4 <0. 2
4 % RH 18.2 198 5.4 <0. 2

18.2 270 55 2.0
18.2 380 47 2.9

98.5 5 He 18.2 75 <0. 2 <0. 2
1. 57o0 18.2 140 1.5 <0. 2

89%0 RH 18.2 212 1.4 <0. 2
18.2 320 6.7 0.3
18.2 395 3.7 1.2

98.5%o He 315 75 <0. 2 <0. 2
1.95%02 315 143 <0. 2 <0. 2

89%o RH 315 205 2°1 <0. 2

Air 315 75 <0. 2 <0. 2
89%0 RH 315 150 <0. 2 <0. 2

315 205 <0. 2 <0. 2

It can be seen from table 1I that very little CO is given off by carbon at temperatures
at which a carbon bed normally would be used. Temperatures in excess of 200 F must
be reached before CO production becomes appreciable. It might be noted that the
temperatures used in this study are well below the ignition temperature of clean carbon
in air, 650 - 750 F (Woods and Johnson, 1964).

No striking difference in CO formation between the experiments at 18. 2 and 315
psia was noted. Although at the higher pressures, any CO formed would have been
diluted more by the high pressure gas, the lower linear gas velocities used at these
pressures should tend to compensate for the increased dilution of the CO. In the first
two runs listed in table II, differing only in the relative humidity of the gas, a consider-
able difference in the amount of CO evolved was obtained. It is felt that the higher
concentrations obtained in the first run were not due to the low relative humidity, but
rather to the fact that this run was the first time that the carbon sample was heated,
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after a long period of storage in an air atmosphere. Between ensuing rune, the time
period was not long enough for the equilibrium between chemisorbea oxygen and the
carbon complex to be established.

A much more detailed study would be required to determine the precise effect of
these parameters on the rate of CO production from activated carbon. However, this
study has shown that a carbon bed operated at ambient room temperatures would not
be a significant source of CO in a hyperbaric atmosphere.

Marine Sources

The sea itself is a potential source of CO in undersea habitats and personnel
transfer capsules. It has been found that the amount of CO dissolved in the ocean is
much greater than would be predicted from the equilibrium of atmospheric CO with
the water (Swinnerton, ±969). At a location near Trinidad, more than one hundred
times the equilibrium concentration was found in surface water. Also, the amount
of dissolved CO followed a diurnal cycle, and was greatc.,st during daylight hours. At
present, ,sufficient information is not available to determine the source of CO in the
sea, but possible sources include the photochemical decomposition of organic matter
near the surface, and the evolution of CO by marine life. Various algae, green plants,
and some species of siphonophores are known to produce CO.

Atmospheric CO concentrations found by Swinnerton averaged about 0. 1 ppm over
the open ocean. Thus a confined gas space, at one atmosphere pressure, in intimate
contact with seawater containing one hundred times the equilibrium value, would con-
tain 10 ppm 3f CO at equilibrium. Very few measurements of dissolved CO in sea-
water have been made as yet, and it is possible that other areas of the ocean could
contain much more CO. Thus, the sea could contribute significant amounts of CO
to the atmospheres of undersea capsules having an open interface with the water.

REMOVAL OF CARBON MONOXIDE

Hopcalite was chosen for a study of the catalytic removal of CO from high pressure
atmospheres because of its long history of successful performance in the atmosphere
purification systems of nuclear submarines. In particular, it is noted for its resistance
to poisoning, or loss of effectiveness in use. However, it was not known how well
Hopcalite would perform at 20 atmospheres pressure in a predominantly helium atmos-
phere containing only a few percent of oxygen. A laboratory study was carried out to
determine if the catalyst was effective under these conditions.

The apparatus used was basically the same as shown in figure 1. Instead of
carbon, the reactor was filled with a bed of Hopcalite 7/16 inches in diameter and 5
inches deep, supported on a circular section of stainless steel screen. This part of
the tube was heated with a 600 watt nichrome heater and the whole assembly was in-
sulatcd with a glass blanket and asbestos tape. The space velocity used was the same
as is used in operating submarines, 21, 000 hr-1 . To maintain this space velocity at
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300 psig, the laboratory bed required 3. 2 CFM of gas as measured at atmospheric
pressure and room temperature. If the bed had been at atmospheric pressure, the
gas flow for this space velocity would have been only 0. 15 CFM.

Helium containing 1. 7% oxygen and 28 ppm of CO was passed through the catalytic
burner at 300 psig and 600 F, and no CO could be detected in the effluent. Because of
the high gas consumption at 300 psig, tne high pressure run was term-inatcd after 25
minutes, and further testing was done at atmospheric pressure. The same gas mix-
ture was passed through the burner for a total of 37 hours, and no CO was detected in
the effluent during this period. The study indicated that it was entirely feasible to re-
move the CO from a habitat such as SEALAeB III by the use of a catalytic burner charged
with Hopcalite catalyst.

A catalytic burner for use in S EALAB III was built by the Mine Defense Laboratory,
based upon the laboratory study. Hyperbaric helium atmospheres cause problems in
the design of an efficient burner. The high pressure gas requires about 13 times as
much heat to raise its temperature to 600 F as does air at one atmosphere, and heat
losses are greatly enhanced because of the high thermal conductivity of the helium.
The SEALAB III burner, with an efficient heat exchanger and a well insulated housing,
was capable of handling 3. 1 CFM of gas at 20 atmospheres pressure and at 600 F with
a power input of 2. 4 KW. Tests in a pressure chamber proved the burner to be efficient
for the removal of CO.

ANALYSIS FOR CARBON MONOXIDE

As man becomes subjected to environments at higher and higher pressures the
analysis for CO becomes increasingly difficult. Since hyperbaric atmospheres con-
tain approximately the same partial pressure of oxygen that is found in air at one
atmosphere, the physiological effects of CO are directly related to its partial pressure.
Thus the concentration of CO that must be measured becomes increasingly lower as
the total pressure of the system becomes greater. For long term exposures of men
to pressures of 20 atmospheres, L-- co)ncentration of CO must be maintained below
1-2 ppm. Accurate methods of analysis are required to aid in the control of CO at
these low levels.

The laboratory method used for analyzing for CO involves its chromatographic
separation, catalytic conversion to methane, and measurement in a hydrogen flame
detector (Porter and Volman, 1962). A Beckman GC-2A gas chromatograph equipped
with a 6-ft x -- in molecular sieve column and a hydrogen flame detector was used for
the CO analyses in this work. A two inch long tube (I - in OD) containing a nickel
catalyst was added between the column and the detector, and tih' hydrogen used for
the flame detector was diverted to a tee between the column and the catalyst. The
catalyst was maintained at 300-350 C by means of an electrical heater.
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When the system was first tried, difficulties were encountered with a wandering
baseline and high noise levels associated w-th high background currents ir he Iflame.
Other workers had encountered similar troubles in trying to detect low levels of CO by
this method. It was found that the difficulties encountered were caused by other con-
taminants in the samples, particularly carbon dioxide because of its relatively high
concentration, and to a lesser extent, hydrocarbons. These substances eluted from
the molecular sieve after many hourR and caused ba3eline drift and the high background
current.

A precut column was added to the system to prevent organic substances, and carbon
dioxide which is reduced to organic compounds by the catalyst, from entering the mole-
cular sieve column. A schematic diagram of the system used is shown in figure 3.
Upon actuation of the 10-port sampling valve, the sample first enters the Porapak-Q
precut column. Immediately after the CO is eluted from this column and enters the
molecular sieve, the valve is restored to its original position, and carbon dioxide
and other contaminants are backflushed from the precut column by a secondary helium
stream. With this system, and the use of hydrogen diffused through palladium and air
purified by passage over a hot palladium catalyst, a full scale response on a 1 mv
recorder could be obtained for 1 ppm of CO, with a nuise level of less than one percent,
and almost no baseline drift.

10-PORT
VALVE SEPARATION COLUMN HYDROGEN

HE A MOLECULAR SIEVE) FLAME
DETECTORSAMPLE

PRE-CUT COLUMN PURIFIED
(PORAPAK - 0) AIR

Figure 3. CHROMATOGRAPHIC SYSTEM FOR THE ANALYSIS FOR
CARBON MONOXIDE

The precut column also eliminates certain branched hydrocarbons and some
chlorofluorocarbons that can interfere with the CO peak or be mistaken flýr Co. These
substances have molecular dimensions that are toxo large to allow them to enter the
fine pores and cavities in the molecular sieve structure. Thus because of their size,
they can be eluted from a molecular sieve column at about the same time -is CO evcn
though they are much less volatile.
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The hydrogenation method for CO was quite cumbersome for field work because
of the three gases required and the need for maintaining an active catalyst. Because
previous work at this Laboratory with the Karmen helium dc breakdown detector (Kar-
men and Bowman, 1962) had indicated that this detector appeared to be inherently
more sensitive for CO than the flame detector, and it required only a single gas,
helium, for its operation, a chromatograph equipped with this detector was modified
for use as a continuous CO monitor for SEALAB III. The column system in this unit
was similar to that in figure 3, except that an additional valve was added in the middle
of the molecular sieve column to divert oxygen and nitrogen from the detector. Without
this valve, the CO peak appeared on a steep slope caused by the tail of the nitrogen
peak. The svStem wqq designed to automatically analyze the SEALA3 atmosphere,
via a sampling line from the habitat, each hali hour. Full scale response wa, ubtained
for less than one part per million with a negligible noise level. Further work is being
carried out on this detector.

SUMMARY

A study has been carried out on some potential sources of carbon monoxide in
hyperbaric atmosphe:es, its analysis, and its removal from thpqe environments.
Toasting bread and broiling meat has been shown to produce sianificant quantities
of this gas in a closed atmosphere. Activated charcoal beds when operated near room
temperature produce very little CO by reactions of the carbon with atmospheric oxygen.
However, significant amnountb of CG can be produced if the carbon is heated much in
excess of 200 F. Dissolved CO in the ocean could be a source of this gas in the atmos-
phere of undersea capsules having an open interface with the sea. Hopcalite catalyst
operated at 600 F is an effective means of removing CC) from high pressure helium
atmospheres containing low oxygen concentration. By the use of gas chromatography,
sensitive mothors hav3 been developed for the analysis for CO at the one part per
million level.
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DISCUSSION

MR. WANDS: I just thought that it might be useful for some of these people who
are involved in equipment design, in engineering planning purposes, to give them a
figare for the amount of carbon monoxide released from the charcoal per gram of
charcoal. The graph did not convert that way very readily.

DR. UMSTEAD (U. S. Naval Research Laboratory): We didn't calculate it up, be-
cause the only place we got significant amounts was at much higher temperatures than
we were interested in anyway.

DR. LEON: The human produces about 0. 4 cc of carbon monoxide per hour and,
depending upon the size of the enclosure and the length of exposure, if you have enough
people in the box, the CO will continually rise and if you are not removing it will cause
a considerable buildup.

DR. UMSTEAD: Yes, I intended to mention that, but it is still much less than we
found in Sea Lab. I think it amounts to about 10 to 20 ccs per man per day. There
were ten men in the chamber, so it would only be about one tenth.

MR. MOBERG: We seem to get a leveling off of the CO in some of the spacecraft
studies. I don't know if Dr. Harris would want to make a comment on this, but this
seemed to b- so from the measurement in the Apollo-7. Would you like to make any
comment on this, Elliott?

DR. HARRIS: Actually, in these studies we haven't gone long enough to see whether
we are continuing to buildup or not. In unmanned studies that we have run we find it
will get to be 3 to 4 parts per million during the unmanned phase of the checkout of the
spacecraft. That will be maximum. The men get in there, the CO starts up, and as
I say, in those cases where we have had chamber runs at MSC, it seems to plateau out
at around 28 to 30 parts per million at 5 PSI. This may have been due to spacecraft
leak or it may have been due to other factors. We can't pin it all down, but it didn't
go beyond that.

DR. UMSTEAD: We noted this in diving chambers, too. For the first 12 hours or
so you get a very rapid rise in CO which I would think would be about equivalent to that
at surface pressure. I attribute that to a lot of men being smokers, and when they got
inside, once they get rhe carbon monoxide pretty well out of their blood it tends to level
off for a while.
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DR. HARRIS: May I make one other comment? Conkle and others at Brooks ire
doing some manncd 3tudleb. You are involved in that too, R.d. Over a poriod of two
or three weeks, with continuo,,s analysis of the chamber, there was a steady buildup
of carbon monoxide, and when you went back and calculated it, you found that it came
out to an amount of 0. 4 ccs per hour per man, a rate which fit very nicely wi:h Dr.
Leon's figures.
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PAPER NO. 20

ANOTHER INCIDENT OF DICHLOROACETYLENE CONTAMINATION

Raymond A. Saunders

Naval Research Laboratory
Washington, D. C.

Three or four months before the recent Biosatellite was orbited, there was a
simulated flight test of the entire cabin system including a monkey. During that
ground test the monkey became extremely ill. It was necessary to abort the test
and the monkey later died. The monkey had been well instrumented and the medical
staff monitored his physical condition in some detail. Two or three days after the
beginning of the test the monkey's performance and physical well-being began to
deteriorate. His condition continually worsened until on the eighth day the test was
aborted and the monkey was removed from the cabin.

The monkey exhibited a number of symptoms during this period, but for the
purpose of this discussion the following are the most interesting. Early in the test
the monkey lost his appetite and eventually stopped eating altogether. His water
consumption went down and, of course, his urine production consequently decreased.
The monkey vomited once in the cabin and several times after he had been removed.
HIe also had difficulty tracking with his left eye. After the monkey had been removed
from the cabin it was observed that he was unable to close his mouth around the
water dispensing device or to suck from the nozzie. Since some of the symptoms
were suggestive of dichloroacetylene poisoning, a sample of air from the cabin was
brought to the Naval Research Laboratory for analysis.

Several techniques are used at NRL for the analyses of trace contaminants in
air. Conventional gas chromatography, of course, is one. We also use a chroma-
tograph coupled to a special microcoulometric detector, which is sensitive only to
chlorinated and brominated compounds. This system, which is extremely sensitive,
was described here last year by Dr. Johnson. We also use mass spectrometry and
mass spectrometry combined with gar chromatography. This particular sample
was examined first with the equipment sensitive only to chlorinated hydrocarbons.

A number of innocuous chlorocarbons were detected at low concentration. But
at the retention time characteristic of dichloroacetylene only a very weak signal
was indicated. At the time this sample was brought to NRL the chromatograph was
not rigged in its most sensitive mode. The signal recorded corresponded to a
dichloroacetylene concentration of 0. 1 ppm. Trichloroethylene, which is the pre-
cursor of dichloroacetylene, was also detected but at a concentration of 0. 3 ppm.
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The sample- was then examined mass spectrometrically. Here again dichloroacetylene
was detected at 0. 1 ppm, still barely above its threshold level of detectability.
Trichloroethylene was also detected, again at a concentration of 0. 3 ppm. A
dichloi'oacetyiene determination of 0. 1 ppm, especially when right at the threshold
level of detection, is not much to hang your hat on and some of you may doubt its
presence. But there is additional supporting evidence for the presence of dichloro-
acetylene which can be inferred from other circumstances.

First is the fact that trichloroethylene wai also detected in this sample at a
concentration sufficiently above its minimum detectable level to permit an unambig-
uous identification. At temperatures above approximately 70 C, trichloroethylene
reacts with LiOH to form dichlorcacetylene. LiOH was used in the cabin as a carbon
dioxide absorber. Heat from the additional reactions of water vapor and carboxn
,•ioxide raises the temperature of the LiOH to the requisite level. Given o,. 3rwise
appropriate conditions, therefore, the presence of dichloroacetylene is at least
possible whenever trichloroethylene is present.

A second circumstance supporting the finding of 0. 1 ppm of dichloroacetylene
in the original air sample is the fact that both dichloroacetylene and trichloroethylene
were found in the desorbate which was recovered from the charcoal used in the cabin
environmental control system. No dichloroacetylene was found on a sample of the
same charcoal which had not been exposed. These charcoal analyses were done by
Mr. M. L. Moberg of the Aerojet General Corporation. Mr. Moberg also does all
of the Apollo charcoal analyses. Since air flowing through the cabin environmental
control system passes first through the activated charcoal and then through the
LiOH, the dichloroacetylene which was adsorbed on the charcoal must have previously
existed in the cabin atmosphere.

A third circumstance supporting the presence of a trace of dichloroacetylene was
the reaction of the primate himself to the atmosphere in question. Unfortunately,
the symptoms a monkey would exhibit as a result of dichloroacetylene toxicity are
not known. But let's compare the symptoms displayed by this particular monkey to
the symptoms that are exhibited by man to the same toxicant. A man's symptoms
develop in the following order; anorexia, nausea, vomiting, headaches, and symptoms
involving the facial muscles including painful gums and jaws. One to two days follow-
ing severe exposures man additionally develops lesions around the mouth and lips.
For less than fatal exposures, the time required for complete recovery in man
seems to be proportional to the severity of the exposure. Complete recovery from
severe exposures might require several months. Many of the outward symptoms
displayed by man result from the effect the toxicant has on the trigeminal nerve.
Man's loss of desire to eat and drink, for example, results from the desensitization
of the oral nerve endings and the numbing of the tongue and inner mouth surfaces.
The monkey exhibited some of these same symptoms. For example, a loss of
appetite, nausea, and vomiting. The other symptoms are subjective. It's difficult
to tell, for instance, if the animal has a headache. Sometimes the presence of a
subjective symptom can be inferred, however. For example, when the monkey was
removed from the cabin he was apparently unable to close his mouth around the
drinking device and suck water from the nozzle, a fact which might have indicated
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he had sore gums and jaws. In my opinion, the symptoms displayed by the monkey
were indeed suggestive of dichloroacetylene poisoning.

How dichloroacetylene might have developed in this atmosphere is a puzzler
in spite of the fact that all the necessary elements were present. Your first question,
probably, is how did the trichloroethylene get through the charcoal to react with the
LiOH? Only 10%0 of the cabin air circulated passed through the contaminant control
system. The system contained both LiOH and charcoal, but the air stream passed
first through the charcoal. If the trichloroethylene had originated fr-om a source
in the cabin it would have been retained on the charcoal and never would have
reached the LiOH. It is unlikely that the trichloroethylene passed through the
charcoal as a result of channeling. The charcoal was tested in the laboratory and
found to be clean and moreover, to have ample capacity to retain much larger
quantities of trichloroethylene than would have been encountered. However, the
trichloroethylene might have off-gassed from contaminated surfaces in the LiOH
unit itself. If so, there would have been an initial large production of dichloroacety-
lene when the unit was first activated. This would only have been eliminated gradually
over a period of several days because of the 907, by-pass feature. Whereas the con-
centration might have been as high as several parts per million at first, it would
have been reduced after several days to the 0. 1 ppm actually found. This would
have come about as the trichloroethylene was consumed and the dichloroacetylene
was irreversibly eliminated by the monkey and by the charcoal.

After the first monkey was removed from the cabin a second monkey was in-
serted and the test was continued without incident for an additional 23 days. Air
analyses during this second period indicated that the concentration of trichioro-
ethylene decreased steadily from the first measured value of 0. 3 ppm and never
again reached a significant level. Dichloroacetylene was never again detected in
any sample after the first.

Another point which may appear questionable is whether or not a concentration
of 0. 1 ppm of dichloroacetylenp' could have produced the symptoms displayed by the
monkey. Captain Siegel of the Navy Toxicology Unit at Bethesda has been conducting
toxicity studies with this compound for two or three years. His studies are still in
progress, but results so far indicate that seven day exposures to dichloroacetylene
at 7 ppm are 100%o fatal to monkeys. Toxicologists usually measure toxicity only
in terms of the number of fatalities. So any subjective and objective symptoms
short of death those monkeys may have experienced have not been reported and may
not even have been noticed. it would be interesting to investigate the symptomato-
logical effects of a high initial concentration of dichloroacetylene which was steadily
reduced to zero by the end of the exposure. Especially if the test monkeys were
instrumented and closelv observed, so that their physical conditions -ould be followed
during the test. Perhaps dichloroacetylene at 0. 1 ppm would have produced the dis-
tress the Project monkey experienced but, admittedly, it seems unlikely. Maybe
1 ppm or an even higher concentration would have been required. But as we have
seen, the concentration might actually have been sevei'al pa-'t per million during
the early days of the exposure.
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In my ovinion, the actual and circumstantial evidence in this case seems to
indicate that trichloroethylene was converted to dichloroacetylene in the test atmos-
phere during the first days of the experiment and the latter compound adversely
affected the primate. This is the third time that serious consequences have followed
from the presence of trace amounts of trichloroethylene in a closed atmosphere.
These lessons are expensive. The next one might cost a life. So far 's closed
atmospheres are concerned, "Let's stamp out trikel'

As a final thought, I would like to reemphasize that what we have been talking
about here occurred during a ground test. The cabin atmosphere was free of
harmful quantities of undesirable contaminants during the later orbital flight of the
Biosatellite. So far as we now know, the cabin atmosphere during orbital flight in

- "," -ontrtbuted to any of the space monkey's difficulties.
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DISCUSSION

MR. MOBERG: I think the comment might be made at the end tnat it wa3n't attrl-
butable to dichloroacetylene but we are not sure that theý-e weren'L two or three other
contaminants in the atmosphere that indirectly resulted in the demise or eventual de-
mise of Bonnie, but we are not the pathologists or the medical people.

MR. SAUNDERS (U. S. Naval Research Laboratory): That wasn't the official
reason given out.

MR. MOBERG: I just passed this as rumor.

MR. SAUNDERS: Atmospheric contaminants didn't play any part in it.

MR. MOBERG: We confirmed the data of the Naval Research Laboratory and the
ratio that we might expect when you have lithium hydroxide present is about 5 to 1; for
example, if you have about 5 milligrams per cubic meter of trichloroethylene and a
good active lithium hydroxide removing the CO, you might expect the formation of
somewhere around a tenth to two tenths of a milligram per cubic meter of dichloro-
acetylene. This seemed to follow the results of the analysis of the charcoal and the
grab sample analysis.

FROM THE FLOOR: This is in the form of a question. It is possible that you
might be able to alproach this problem by loading the activated carbon, with the tri-
chloroethylene and then use various contaminants or change the condition of the air
going through this bed to find out whether there might be some material in the atmos-
phere that has passed through it subsequently to strip off the trichloroethylene which
then would react with the lithium hydroxide?

MR. SAUNDERS: Yes, we performed an experiment just like that in the .abo:-atory
using the very charcoal that had been in the cabin. You can put a tremendous quantity
of trichloroethylene onto the carbon and it will not elute off in any time short of 60 to
90 days. It is absolutely out of the question to assume that trichloroethylene had passed
through the charcoal. The charcoal was clean to begin with and it was pretty clean
after it came out, comparf-d to what its normal full absorptive capacity would have been.

MR. MOBERG: Possibly I could add another comment here to more fully answer
this. There might be materials that could displace trichloroethylene- -benzene, toluene,
etc. that might be more strongly absorbed than the trichloroethylene. There is nothing
sacred about the binding or absorption on carbon. I think Ray's comments are well
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taken because charcoal does have a large capacity for trichloroethylene but the capacity
does change as other materials that are strongly absorbed pass through the charcoal
and consequently elute.

MR. SAUNDERS: That isn't going to happen in any six or seven days, not with the

quantity of charcoal they had in that bed.

MR. WANDS: These materials were not present?

MR. MOBERG: That is right, these weren't present, so it might be academic at
this moment, but it still might be worthwhile to consider that there could be a dis-
placement taking place.

MR. MITCHELL (North American Rockwell Corporation): I have a couple of
questions. When they redid this experiment did they use a new charcoal canister with
the second monkey?

MR. SAUNDERS: No, the same canister. They didn't remove the environmental
control system at all.

MR. MITCHELL: So you had the same canister, the same charcoal, the same

lithium hydroxide?

MR. SAUNDERS: Yes.

MR. MITCHELL: That eliminates one possibility. I thought maybe that this
second canister was somewhat different from the first one. In that case, did you
check the second canister, or other canisters? You hypothesized that the lithium
hydroxide part of the canister may contain the trichloroethylene. Have you checked
any other canisters to check ind see if the lithium hydroxide was saturated?

MR. SAUNDERS: We were not able to check that particular canister because
eventually at the end of the 30 day experiment it was removed, and later on, for some
six or seven months during which time tIhc lithium hydroxide charcoal had been re-
moved, God knows what happened to the thing in the interim. But another canister
lithium hydroxide unit was checked, and it was contaminated with tetrachloroethylene,
which is a common cleaning slvent, you might say. Conceivably, the first one may
have been cleaned in trichloroýthylene.

QUESTION: Do the people that manufacture these have any comment on this?
Do they use trichloroethylene?

MR. SAUNDERS: They deny everything.

MR. MITCHEL.L: I have one other question: This actually is probably to Bud
Moberg. tie mentoned that they have a certain ratio between trichloro and dichloro
acetylene. tlas this been borne out in the actual laboratory tests? Hlave you taken
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trichloro, run it through a bed like this and produced 1/10 part per million?

MR. SAUNDERS: Yes, that has been done. Trichloro will convert.

MR. MITCHELL: In a straight lithium hydroxide bed?

MR. SAUNDERS: Right. Merle and his group have done it. So has Captain
Seigel.

DR. LEON: I wasn't quite sure, did you say that in the official report of the bio-
satellite that there were no contaminants in the atmosphere?

MR. SAUNDERS: Oh, there were plenty of contaminants, but they were not toxic.

MR. MOBERG: You didn't attribute that to the demise of Bonnie? The official
report won't be available until January 10th.

DR. LEON: The official report says that Bonnie did not die of toxic contaminants,

is that right?

MR. SAUNDERS: That was the version that I heard.

MR. MOBERG: It's really not official yet, it's tentative; that was carefully pointed
out to me when I discussed this with the personnel.

DR. LEON: Is it also true that three of the controls died on the ground?

MR. SAUNDERS: No, I don't believe so, only one to my knowlcdge.

MAJOR CASEY: What was the autopsy finding on this monkey? Would you des-
cribe it as a sick monkey?

MR. SAUNDERS: Well, as to the cause of the death of the monkey during the ground
tests, I don't know as it was given out. That would have to come from Ames. It was
not due t( dichloroacetylene poisoning.

MAJOR CASEY: flow many implants, how many instruments did they have in it?

MR. SAUNDERS: About sevent-'en. If you think that fact had anything to do with
its death they had many of their monkeys with that num.'ber of implants, a-d they
went through the 30 day test without any difficulty.

MR. MOIBERG: Certainly the imp!ants wOxld have some weakcnling effect on the
animal, but I hardly think that you could get the symnptoms of this dichlortxacetvlene
toxicologyv.

FROM 'tl J: FLO(O)R: I hat's the p',int, \0,'VC .USt gzot a sic'k 'tlolnkcV. When a1
niou kev gets sick he q(its cating ,an1d drinking.
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MR. MOBERG: Didn't you say something about closure of the mouth and so forth?
It was more than just not feeling well.

MR. SAUNDERS: We are not hangiag the dichloroacetylene on the symptoms dis-
played by the monkey. This was pi cked up by actual analysis, don't forget, by two
different laboratories.

MR. MOBERG: I'm afraid for the official answer we will have to wait until next
year.

MR. SAUNDERS: It shows you what an impact a very low concentration of dichloro-
acetylene can make in any experiment.

DR. MAC FARLAND: As a crusty old professor who edits a couiple of toxicological
journals, let me point out that no man has ever seen a symptom in a monkey. You
may observe some signs.

MR. MOBERG: We will defend ourselves by saying we are chemists.
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INTRODUCTION

Despite increased emphasis on inhalation toxicology in recent years it has not
seemed standard practice to monitor experimental atmospheres for unexpected, 2r
unintended constituents. However, composition of atmt-sphueres for animal exposure
studies, even in simple design systems, may be quite different from expected.
While little has been reported in this area in toxicologic literature, it should be recog-
nized that physical and/or chemical interactions may occur in gas, liquid, -r solid
phase among pollutants at any point in the exposure system (e. g., generation, distri-
bution, exposure chamber), and between e ollutants or products and the animals them-
selves in the chamber, resulting in undesirable effects on the primary sttudy agent(s)
and/or formation of new and alien gaseous or particulate constituents.

This report concerns examples of the actual occurrerce of just such phenvimena,
some details of identification and quantitation of components of a re~zultawt alie'n
particulate, and mention of interest and speculation which arives concerning the Cn-
fluence of such alien material with respect to effects c-'i the study subjects, st.dy
design and interpretation, and the power of extrapolation from the e•,perir;ental ex-
posure to a realistic exposure situation.

MATERIALS AND METHOU-

Nitrogen Dioxide Study

During a study involihg expo-urZ of docs to an atmnosphere cortairing reiativeiy
high concentrations of nitrogen dioxide (NO.) and 9 ri-ic ixi•.e par-!.-',iatc (Fe,0), t0 e
presence of unintentional particuilate material was dec:r•-O.
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Exposure chambers, described by Hinners et al (1968), were of approximately
2.83 m3 (100 ft. 3) capacity in the animal exposure portion and were constructed of
glass and stainless steel with cubical dimensions of 1.5 x 1.5 x 1. 2 m (5 x 5 x 4 ft.)
and conical top and bottom. Chamber consttruction features provided a turbulent-
mixing air flow pattern. Each was ventilated with a purified (CBR chemical and par-
ticulate-filtered), conditioned (70-75 F, 40-6C% RH) air supply at the rate of 1.4 m3 /min
(50 cfm), resulting u, an atmosphere exchange rate of 30 per hour. Eight female pure-
bred beagle dogs, each weighing approximately 11. 3 kg (25 1bs) were exposed in each
chamber. NO2 , generated by mixing dry fittered air with effluent from heated cylinders
of 10070 NO9 -N 204, and Fe 2O, aerosol with a mass median diameter of 0. 5 4 ,U generated
from commercial powdered FPep in a device described by Crider et al (1968), were
introduced at the chamber air inlet duct at a rate to produce concentrations of 20 to 30
ppm NO2 and approximately 0. 8 to 1.0 mg/ms Fe2 O, in the chamber at exposure level.
The animal exposure pattern was established at about 22 hours per day, 7 days per
week, for 6 to 8 merrhs. Chamber atmospheres were ass3yed for NO2 by the method
of Saltzman (1954) and monitored for Fe 30O aerosol by a Sinclair-Phoenix Forward
Scattering Aerosol Analyzer, ** and flame emission aerosol monitor (Crider et al,
1968).

It was noticed during particulate monitoring in the initial phase of the study that
the combined presence of dogs and NO2 contributed substantially to the aerosol loading
in the chamber. Figure 1 shows the Sinclair-Phoenix response to the NO2 and dogs in
a clean chamber. This extraneous aerosol response was more than twice that which
represented the FepO concentration to be used in the toxicity study.

pip

?:.inl. *Ab.4s.

Figurc 1. A ERCSOI. PtOFOMETER RESPONSE TO CHAMBER
A\ 'MO)SPItERE (lFe 2 ()3 OFF)

"Mciltion of comrmercial pr(xoucts does not necessarily co-,titu~e endorsement by the
ISillS or D)ItEW.
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In subsequent investigations of this phenomenon three factors were considered
(presence of dogs, nitrogen dioxide, and Fe.O,), combinations of which resulted in
8 chamber conditions: 1) no dogs or pollutants, filtered air supply only (designated 0);
2) dogs alone (DY, 3) NO, alone (N); 4) Fe9O, alone (F); 5) dogs + NO, (DN); 6) dogs +
FeaOs (DF); 7) NO, + Fe.0. (FN); 8) dogs + NO + FeO, (DFN). To minimize inter-
ruption of the toxicity study in progress, conditions were established from a fully
operating chamber by removing the dogs and/or discontinuing, generation of NOg and/or
iFe.O.. Time of removal was designated immediately as zero, beginning from which for
each condition six consecutive 30 minute aerosol samples were collected from the
chamber by constant-rate (7.4 1pm) pumping through acid washed glass fiber filters.
Weight, pH, conductivity determinations and chemical analyses for ammonium, nitrate
and nitrite were performed on all samples as described elsewhere ý1(nott and Malanchuk,
1969).

Ozone Study

During a study to assess the inhalation toxicity of ozone (O), and employing the
same chambers (Hinners et al, 1968), particulate counts from chambers were made
under similar combinations of critical factors (with and without dogs and/or ozone)
while controlling ocher potentially influential factors. The objective was to assess the
particulate situation in relation to presence of dogs, ozone or both, compared to an
empty chamber, with respect to enumeration and size distribution. In this work the
particulate sampling, counting, and sizing was accomplished by use of an electronc
particle counter. ** The study subjects were 8 female purebred beagle dogs, as in
the previous (NO.) study. Ozone was generated from purified oxygen and introduced
to the filteredl, purified chamber air supply inlet so as to result in chamber conceitra-
rions in the range of 0. 8 to 1. 3 ppm. Chamber 03 concentrations were monitored by
a Mast meter* and by periodic wet chemical assay (neitral buffered KI), but aio chemi-
cal characterization of aerosol was attempted.

N0 2/O, Studies

In other work employing similar but smaller (approximately 0. 34 M 3 ) steel-glass
animal chambers (Hinners et al, 1968) concentrations of O and NO,2 when introduced
singly and in combination, were determined for establishr:ment of standord operating
conditions to be used in animal exposure studies. Whil-'- thw NO, - 0- assays did n(.
involve animals in the chamber or aerosol collectiorx-./assays, -nteresting effects on
the O, and NO, were demonstrated (Ulmer, 1967).

"'Royco Instruments, Inc., Model 220
'Mast Ievelopment Company
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RESULTS

Ni crogen Dioxide Study

In all analyses of samples of significant quantity, nitrate and ammonium Woas were
relatively abundant, while nitrite salts were absent. Compared to a reference curve
(condition 0) of components, prepared by removing all generation and dogs at time
zero and then sampling for 3 hours, curves of N.t- and NO- indicated the immediate
beginning of chamber clearance so that the 30 to 180 and 150 to 180 minute sampling
periods reasonably represented the equilibrium state resulting from removal of factors
D, F, and/or N. Presence of dogs resulted in more rapid removal of the foreign aero-
sol material, indicated by measured NH- and NO-, following discontinuation of NO.;
i. e., these components decreased more abruptly when dogs were present, and at
equilibrium (at end of sampling) were closer to zero in the FD and D conditions than
in F and 0, respectively.

"When the chamber was receiving NO2 the presence of dogs and Fe2O3 gave approx-
imately additive results, in terms of the ammonium nitrogen (NH 4 - N) and nitrate
nitrogen (NO, - N) components of collected aerosol. This is suggested by the fact that,
on a weight/volume basis, NO - NDN-NO8 - NFN, NH4 - NDN21NH 4 - NFN, NO3 -

NDN + NOs - NFN N03 - NDFN, and NH, - NDN + NH4 - NFN NH4 - NDFN; also,

(NH 4 + NO1 DN-(NH4 + NOS)FN and (NH4 + NOs)DN + (NH 4 + NO,) FNZ(NH4 + NOS)DFN.

Very little NI-I and NO; was formed when NO. was generated in the absence of both

dogs and Fe2 O3.

Based on sample averages over the 30-180 minute pvr-iods, the greatest absolute
amounts of NH',, and NO were formed in the DFN. DN, and FN conditions, especially
DFN; considerably less in the N and F conditions; and very little in the D, DF, and 0
conditions. Similarly, in terms of percent of total aerosol accounted for by assayed
NHtj + NO-, the greatest proportion of aerosol accounted for by NH+ + NO- occurred
in the DFN, DN, and FN conditions, especially DN.

"Table I summarizes the average composition of chamber azmospheric particulate
samples under the various conditions studied.
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TABLE I

AVERAGE COMPOSITION OF AEROSOL SAMPLES WITH
"VARIOUS CHAMBER CONDITIONS

Condition Total Samples NH 4 - N NO3 - N NHt NO; NH' + NO-

Lg/m3 ug/m 3  Ig/m3  % of Total % of Total % of Total

(1) (2) (3) (3) (4) (4) (4)

108.4 183,.3
DFN 1962 084 18. 5.7 34.4 40.1

51.2 106.0
DN 657 5.2Y 17060 7.6 54.2 61.8

FN 1215 86.4 4.1 31.0 35.1

N 1814 13.1 33.9 0.1 5.9 6.0

* 17.2
DF 729 8 8

3. 3
D 202 13 0.4

F 1030 16.4 40.3 0.6 13.7 14.3

0**

(1) DFN = dogs, NO2 and Fe2O3 all present; DN = dogs and NO9 only; FN = Fe203
and NO, only; N = NO2 only; DF = dogs and FeAO3 only; D = dogs only;
F = FeqO3 only; 0 = no dogs, FeO 3 or NO9 (empty chamber only).

(2) Based on 30-180 minute samples
(3) Upper figure based on 30-180 minute samples, lower on 150-180 minute samples.
(4) Based on 150-180 minute samples, % by weight of total sample.
* Too small for analysis or significance.
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Mass and molar relationships between ammonium and nitrate were examined.
Graphs of NH4 - N and NO3 - N content of DFN condition samples through the 0 to 180
minute period demonstrate that the curve for NH, - N closely follows the same pattern
as the curve for its complementary NO3 - N (figure 2). In all sample sets NO., - N
content exceeded NH4 - N in average weight ratios approximating 2 (range of 1. 6 -
2. 3). On the basis of a 1:1 ratio of NO3 - N to NH - N, and of the relationships
NH4 - N x 1.28 = NH,N - N x 4.43N 3 , and NH x 4.43 = NH 4NO, weight

percentages of NH4 + NO 3 assayed accountable as NHNO3 ranged between 45 and 65
in those conditions yielding sufficient sample weights to be 1n,,aningful (F, FN, DN,
DFN). As noted above, weight percentages of total particulate accountable as the sum
of NHt+ and NO;, or ammonium nitrate, ranged up to 6270 with the largest percentages
being in conditions of NO2 present with dogs and/or Fe.O 3 (DN, FN, DFN, especially
DN). It stands to reason that NH, + N03 would account for less total particulate when
the intended particulate, Fe2, 3 , is present. Why so little total particulate is accounted
for by nitrogen containing ions in the other conditions, especially N, is not clear.

"-'.a..'

----------

1 I

Figure 2. NITRATE AND AMMONIUM NITROGEN COMPONENTS IN
CHAMBER WITH DOGS, Fe3 O 3 AND NO 2 (CONDITION
DFN). Four sampling runs.
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The observations clearly indicate the presence of particulate matter in excess of
certain planned atmospheres, and suggest physical and/or chemical reactions(s) as a
source. At least some of this is illfely to be respirable. Under certain conditions
a substantial poction of this alien material was nitrogen-bearing, and of this, ammonium
nitrate, NH 4 NO3 , probably assumed a major role. The nature of unaccounted-for
nitrc~gen -containing and other total particulate was not determined but may be of suf-
ficient interest for further study.

Ozone Study

Total counts were obtained by the instrument for particulate size (diameter)
categories: > 0. 3p, >•0. 5p, > 0. 7 p, > 1p, > 2 p, and > 4u. For some of the collected
data these were then corresponding derived categories: 0. 3-0. 5A, 0. 5-C. 7 A, 0. 7-1A,
1-2 p, 2 -4 1A, and > 4A. Air was sampled from and data collected for: outdoors
(designated OD; before air filtration and condition); in duct supplying air to chamber
inlet (SD; after filtration and conditioning but before introduction of 0.'); and withir the
chamber under conditions of no dogs and no O3 (C), 03 but no dogs (s0), dogs but no
O (D), and dogs with O3 (DO3). Outside and duct counts ensured that associated
critical chamber counts could be compared for within-chamber effects of primary
interest and were not being unduly influenced by rapid or aevere fluctuations in outdoor-
duct air aerosol content.

It was noted that outdoor air c.ounts did fluctuate quite widely in time, and that this
was reflected to some extent in the duct and chamber counts, specifically in the smaller
size ranges (<I W). However, the proportionately small fluctuations in duct particulate
count, their relatively slow temporal pattern, and frequent reference sampling along
with chamber sampling, maximized the validity of chamber aerosol variations when
dog-0, conditions were studied.

Chamber sampling indicated that without dogs in the chamber, the introduction of
03 in a quantity characteristically yielding approximately one ppm (0. 8-1. 3 ppm) in a
dog-loaded chamber produced substantially greater concentraticns (20-35%) than when
dogs were present., and increased the total particulate counts by 18 to 73 percent. This
suggests that dogs interact with and reduce the ozone introduced to their chamber atmos-
phere, which effect is noted commonly when 03 and other reactive agents and must be
accounted for in characterizing chamber exposure conditions. It has also been observed
that chamber materials (walls, inlet duct, etc. ) react with 03. Thus, it is not safe to
assume that chamber animals are breathing the same concentration as sampled at the
generator or chamber inlet duct. Also, 03 appears to react with chamber atmospheres
even in the absence of dogs to produce alien particulate material in iddition to that
carried in the supply air, and in a respirable size range. AerosoJ-count increments
of 18 to 730 were observed with 03 was introduced to chambers from which the dogs
had been removed. With dogs in the chamber, introduction of the same 0, levels in-
creased total particulate counts 11 to 81%0. The total count pattern also appeared to
follow that of 03 concentration when the latter was manipulated both with and without
dogs. It was quite apparent that despite animal ic'iding, introduction of gaseous O,
resulted in reactions yielding particulate matter alien to the planned atmosphere, in a
manner similar to that observed in the NO, study reported above.

303



AMRL-TR-69-130

That dogs alone contribute some to the chamber particulate loading was indicated
by complring ratios of chamber: duct counts and chamber counts with: without dogs,
in the absence of O0. Small to moderate increases in total particulate %ere observed
to result from substantial surges in activity of the dogs in the chamber. This variable
was accounted for, also, in relating particulate counts to other factors. In general,
the dogs' presence appeared to contribute less significantly than did the introduction
of O.

In addition to its effects in terms of total counts, i.e., all particles > 0. 3 ;1, intro-
duction of O also was suspected of altering the size distribution of chamber particles.
There appeared to be relative enhancement in the C. 5-0. 7 1 and possibly the 0. 5-1. Ou
range(s), and decreases in smaller and larger size categories, as a result of the pre-
sence of O. Comparisons of D and SD suspended particulate size distribution suggested
that the presence of dogs increased the number of particles iarger tha, 0. 5 A diameter
(especially > 1. O), and slightly decreased the number of particles in the 0. 3-0. 5•
category.

Frequency distributions of chamber and duct air particulates were heavily skewed
to the 0. 3-0. 5S extreme, with numerical median diameter (NMD) of approximately
0. 43 and 0. 4 respectively. These were in contrast to outside air particulates, which
were distributed much more in the central size categories (0. 5 to 2. Oi) and yielded
an NMD of about 0. 7;. Quite obviously particle removal forces (filtration, sedimenta-
tion, impaction, etc. ) in the air supply system were more efficient for the larger
particles than for the smaller. More significant is the evidence that in addition to in-
creasing total particulate loading 03 favored the enhancement of particulates in the
deeply respirable size range.

NO,,/0 Studies

While no appreciable chamber loss was observed with Os and NO introduced
singly, when introduced in combination O0 was reduced by 63 and 69% at expected con-
centrations of 1. 1 and 3. 2 ppm, and correspoiJin, NO, losses were 13 and 31% at
expected concentrations of 9.9 and 14. 6 ppm, respectively (Ulmer, 1967). These
coincident losses were characterized by NOi/03 molar ratios approximating 2. 0,
agreeing with the theoretical chemical interaction: 2 NO8 + 03--# NO + O,. Although
no aerosol studies were made in conjunction with this work, it does demonstrate pro-
duction of new, additional constituents alien to the original design. That ajien particu-
late reaction products could also result, especially in the presence of animals, might
be anticipated from the foregoing NO, and 0 observations.
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DISCUSSION

The above studies present grounds for query and conjecture in regard to inhalation
toxicology and its objective of extrapolation to other subjects and circumstances, and
invite further, more detailed investigation to the extent that implications may be
deemed significant. How universal is the phenomenon of atmospheric reaction and
formation of new, alien particulate or gaseous products? What conditions control these
reactions? To what extent might these affect interpretation of biological responses and
the experiment as originally conceived? That toxicity rrmhy be influenced, especially
potentiated, by addition of particulate (especially subnm'cron) or gaseous agents, and
some of the mechanisms by which this occurs, is already recognized (Amdur, 1957,
1959). Of some new concern, beyond this more obvious anc direct consequence, is the
question concerning what effect these alien constituents may have on the use and extra-
polation of effects from an experiment involving £hese phenomena to a situation in which
these may not occur, or occur in a different way and with different results. For ex-
ample, could results of a laboratory chamber toxicity study of gaseous agents, involving
appreciable alien constituents, effectively be ectrapolated to humans in a community,
home or space vehicle in which environmental conditions (coicentration, ventilation,
crowding, etc. ) may alter or preclude the qt 'stionable alien constituents? These are
subjects for further consideration an, research efforts.
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LIST OF SYMBOLS

Symbol
or

Abbreviation Meaning

NO 8  nitrogen dioAide
Fe2 O3 ferric oxide (dust)
cu. ft. cubic feet
cu. ft/min, dfm cubic feet per minute
ppm parts per million by volume
mg/ Ma milligrams per cubic meter
NHNO3 ammonium nitrate
m meter
ft lineal foot
ma cubic meter
ft3  

cubic foot
min minute
P micron(s)
lpm liters per minute
KI potassium iodide (referring to assay method)
0, ozone
0, D, N, F, DN. DF, FN, DFN designations for chamber conditions, NO,

study. See text.
NH,, NY11, ammonium (ion)
NO, NO; nitrate (ion)
NH4-N ammonium nitrogen
NO-N nitrate nitrogen
% percent
> greater than
OD;SD;C, 0,, D, DO, designations for: outdoor: supply duct: cham-

ber air and chamber conditions, 03 study.
See text.

w/ ima micrograms per cubic meter
iný approximately equal to
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DISCUSSION

MR. MOBERG: Let's go on then and let's look at the third paper, "Alien Constitu-
ents in Experimental Atmospheres". I thinK this should have provoked quite a bit of
comment, particularly in the different reactions that could occur. One would assume
that some materials are completely free from any noxious causatives, and yet if you
have the particulates present such as Dr. Campbell pointed out, ferric oxide, you can
form other materials. This is the kind of kinetics we were talking about, so that we
can see what the products are that we are looking for.

DR. LONGLEY: I am curious as to what the air exchange rate in those chambers
might have been.

DR. CAMPBELL: They run about 30 per hour, once every two minutes.

DR. LONGLEY: Also, where were you measuring the concentrations of the mater-
ials in the chamber?

DR. CAMPBELL: They were measured just above the level of the dog's head. We
had them on the floor part of this chamber and then we had another shelf above them,
aix it two to three feet above them, and that was taken just above that, so they couldn't
fool with our sample probes.

DR. LONGLEY: Do you think increasing the flow of air would have eliminated some
of what I think I'd call artifacts in your basic experiment?

DR. CAMPBELL: Perhaps, to some extent. I might speculate that, yes, if you
increase the air exclaange rate you might reduce some of these what I refer to as alien
constituents but what might be called superflums agents, but also conversely, I think
if yvu had lower exchange rates, you would see more of this phenomenon. As to the
artifact of this, I did mention that the presence of the dogs themselves contributes to
these atmospheres. I fully admit that, but we do see these things forming, (and we first
called them "doggie nitrates"), even in the absence of animals. There was another
feature about this and it rather contributes to the idea that animal metabolic products
are at tho_ root of some of this. In some of our work we have had an opportunity to
observe these reactions sometime after the animals had been in the chamber and find
that we get less of this phenomenon. When the animals are freshly removed, there is
still some residue of these metabolic products of one kind or another and I think that
the longer they are out of the chamber, the longer that you have for really complete
degassing--or whatever you would like to call it--an equilibreion of the chambers to-
ward a clean situation, I think you will see less and less of these effects. But our main
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concern is with the effect with the animals in there, which is the environment that we
are studying.

MR. VERNOT: Did you identify the material in the NOg exposure as ammonium
nitrate?

DR. CAMPBELL: We identified part of the material as ammonium nitrate. There
was more nitrate material. As I mentioned, there were no nitrites found. We did find
nitrates in excess of what could be accounted for by ammonium nitrate. If we rake
ammonium as the beginning point and multiply it by the factors to make ammonium
nitrate out of it, we still haven't accounted for all the nitrete present, and when we
add up all the ammonium plus nitrate, we have not yet accounted for all of the total
particulate either, to we haven't answered the whole question. There is something
else there, we don't know what it is. It will be very interesting and I think that more
and more ideas will pop up as more people think about it.

DR. HODGE: I have two or three questions. I wonder if we could see the first
slide on which you had data, the one. that gave on the lefthand side of the siide total
micrograms of particulate matter per cubic meter for the various experiments that
you describe as D and F and N?

(Slide)

DR. CAMPBELL- I apologize for these, they are no better than some others.

DR. HODGE: The numbers that I would like to ask about, the top line D, F, N- -
that's Dog and Nitrate and Iron all present, right?

DR. CAMPBELL: Yes, sir.

DR. HODGE: Total sample as I read it says 1962 micrograms per cubic meter.

DR. CAMPBELL: That is correct.

DR. HODGE: If we come down to the Sth line of N, which I take it means 'Nitrate"--
NO, in the absence of Dog, it's 1814.

DR. CAMPBELL: Correct.

DR. HODGE: Does that mean that there is almost as much particula-,e matter
when• NO, is there as if all three of them were there?

DR. CAMPBELL: Our preliminary conclusions lead us to believe that, yes. I
should mention that I think these figures should be taken fairly relatively. They are
actual measurements of total particulate mass, and they are averages of several runs,
so there is sorne credibility to them. I believe, but you might think at first that there
are some incco.sistencies here. why that one for instance should -be so high relative to
the DFN condition c ' vice versa, why the DFN shouldn't be any greater than the 'N"

.308



AMRL-TR-69-1 30

condition. I can only suggest here that the presence of dogs has a way of removing
some of these agents.

DR. HODGE: Right. You look at the DN, the DF, and the D, these are the three

lowest numbers in your columns.

DR. CAMPBELL: Correct.

DR. HODGE: So the dogs are picking the stuff up, aren't they--picking it out of
the air?

DR. CAMPBELL: Yes, they do.

DR. HODGE- Does this mean there are more particles, or are the particles
heavier?

DR. CAMPBELL: Unfortunately, these studies here do not include any work on
enumeration or sizing of particles. It's only in the ozone study that I did thic, and that
was done without the chemistry, so I apologize for this. We were ,7ather in a hurry
and this is rather a sideline observation that interested me.. I don't know, ! can't say.
As I mentioned for the ozone study, the dogs themselves contributed to the particulate
loading, especially in the greater than one micron diameter size range. So, that is
about all I can say about that. I could only speculate similar things here.

DR. HODGE: And this increase in the number of larger particles might have been
a growth of particles in the chamber?

DR. CAMPBELL: This is possible. The dynamics of this sort of thing we haven't
investigated either. Certainly if you begin with gases being introduced into a chamber
wherein there are o4seous agents and you end tp with particulate agents, something is
happening fairly quickly. The poirt I was making is that this sort of thing is occurring
in our experimental situation, buit it may be quite a different thing when we consider
situations such as in a community or in a home situation or space capsule or some
such thing, although I don't intend to get into the space business.

MR. MOBERG: T"hank you very much

DR. LONGLEY: I would like to ask one more quick one: What about the relative
humidity, were you tieasuring It?

DR. CAMPBELL: We were measuring and controlling this in the region of about
40 to 60 at its practical extremes. it was held quite closeiy to 50K, R. H. It wandered
at times. We had trouble with our equipment and that sort of thing. but we do try to
keep it right very close to 50.

DR. LONGLNEY: In all these sets of expocures-:'
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0'I ' A %t MO1,1 I Tr Ir .,_.

, V es, I E uuu we can say that it wasmins
%.,I (A flVLK TJaA I '' say was pecntpu ormiu

ten percent. I understand your comment because this can be important in the produc-
tion of particulate matter and in the rature of the particulate matter that is produced.
This is well recognized and of course it just means more and more features of this
thing that have to be defined.
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and
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INTRODUCTION

In toxicological exposures of large numbers of animals in the Thomas Domes,
concern has been expressed for the possibility of toxic effects resulting from the build-
up of contaminants from the animals themselves. This concern resulted in extensive
discussion during past symposia of this series of the possible existence of unknown
toxic materials in the dome atmosphere (Mautner, 1968; Weibel, 1968). This paper
reviews some of the investigazions that ha',e been and are being made at the Aero6pace
Medical Research Laboratory to define qualitatively and quantitatively the existence
of metabolic contaminants in the domes.

Most investigators concerned with the determinatior of contaminants in confined
spaces have dealt with humnan subjects (Moberg, 1966) and gas-o"' products from
construction materials (Hodgson and Pustinger, 1966). The list u, products or con-
taminants found in habitated confined spaces is quite formidable (liine and Weir, 1965).
The confinement of animals, however, hap the additional aspect of biological waste
as a contaminating factor. While there has been considerable work done on confined
atmospl-here.-,, biological waste products have usually not been imporzaitt, and atmos-
pheric pollutirq, from animal waste has received out little attention.

EXPERIMEN rAl.

The information contai.aed in this report was derived from dome strhiier, involving
dcgs, monkeys, baboons, mice, and rats. The volume of the dome (figure 1) was
approximately 800 cubic feet and the atmosphere used was 68% oxygen and 3?-'., |itrrogen
maititained at 1/3 ambient pressure. TIhe temperature was controlled ac -0 F and th:
relative humidity at 50%.
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To provide a clean atmosphere for rhe animals, the dome atmosphnere was re-
placed at a flow rate of 120 cfni (of rarified air) or sufficient for a complete change-
over every 7 minutes. The dome was thoroughly clean&% once a day and the floor
flushed with water once or twice during each 8-hour shift period.

Figure 1. TYPICAL DOME ELEVATION

Analytical Procedures

To deterrnine whether contaminants existed in a dome operated under these con-
ditions, gas chromatography was the most sensitive technique available to us. Other
techniques were tried but essentially without results. The presence of some alkaline
materials was detected by passing the dome atmosphere through a standard acid
solution and the presence of ammolida was verified by colorimetry. Otherwise, the
method of choice was gas chromatography. The collection of samples required that
a pump be used to withdraw atmosphere from the partial vacuum in the dome and
pressurize it to ambient. When this was done, the sample became supersaturated
with moisture so that we were confronted with liquid as well as gaseous samples.

A gas chromatograph equipped with a nickel hot wire thermal conductivity detector
was used in preliminary studies. The nickel hot wire was less adversely affected by
large concentrations of air than the usual tungsten detectors. We have found that with
this instrument we can detect most materials at 100 ppm of any atnmosphere. In these
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dome studies, sufficient carbon monoxide was added to the atmosphere to provide a
dome concentration of 440 mg/m 3 which we were easily able to determine by direct
injection into the chromatograph.

In addition to the chromatograph equipped with the thermal conductivity detector,
other instruments equipped with flame ionization detectors were available. The flame
ionization detector is much more sensitive to organic materials but is insensitive to
any inorganic gas including carbon monoxide. Previous studies of confined atmos-
pheres in which humans were involved indicated that methane was generated at a
greater rate than most other gases (\uerback and Russel, 1966). Methane is also
present at 5-15 pprm in the oxygen that is used in the dome atmosphere. The oxygen
used in the domes has been monitored by another laboratory for methane, total
hydrocarbons, nitrous oxide and halogenated compounds. Preliminary studies of the
doine atmosphere involved direct injection into the gas chromatograph with the flame
ionization detector. Only methane was detected by this technique.

Sample Concentration

We have used trapping techniques to concentrate the dome impurities, but the
presence of large amounts of moisture has prevented this from being a straightforward
procedure. Charcoal adsorption and direct cryoge.iic trapping with liquid nitrogen
were the techniques used. Figure 2 shows a trapping system that permits the use
of one or two pretraps to remove m•st of the water from our samples.

TO FXHAUST uAC

- PRESSURE
VACUUM PUMP

-EXHAUST TO
~ LOW METER

STATION FOR

-CHARCOAL OR
I ZCRYOGENIC TRAP

ADJUSTABLE SHFLVIE .

Figure 2. THREE STATION TRAPPING SYSTEM
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RESULTS AND DISCUSSION

Preliminary direct injections of dome atmosphere into the gas chromatographs
served co indicate the level of contaminant concentrations to te expected. Since we
could have detected most organic substances using the flame detector at a level of
about I ppm or greater, we believe that there are no organic materials other than
methane above 1 ppm in the dome atmosphere. In spite of the low level of materials
present, there is nevertheless a disagreeable odor in the dome. W. E. Burnett (1969)
points out that some materiais of animal origin arc capable of contributing odor at
extremely low concentrations. Burnett used an effluent splitter with 2070 of the effluent
going into a flame ionization detector; the other 80F/% was sniffed by a laboratory worker
who indicated odors as they came off the column. Figure 3 illustrates tae gas chroma-
tographic peaks and odors detected. Some materials produced odor but no peak.

0

, 00 -
g 0 0

o £0 OW0 0h

hi -J 0

I W' •u•

0 5 10 15 20 25
RETUNTION TW - MINUTIS

Figure 3. CHROMATOGRAM OF LIQUID MANURE VOLATILES WITH
ORGANOLEPTIC EVALUATIONS OBTAINED FROM DIRECT
INJECTION OF PREPARED SUPERNATANT. *

*Reproduced with permission of the author and the American Chemical Society.
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We recognized that we needed a sample concentrating device to obtain additional
information. We used a charcoal trap that consiqted of a 3/4" OD stainless steel
tube 12" long. This tube was packed with 30 g of coconut charcoal and was equipped
with fittings to allow installation in the trapping system or in a tube furnace for con-
ditioning or desorbing. Trapping was usually done overnight in a system that utilized
one or two pretraps. The desorbing was accomplished by vacuum distillation and the
sample condonsed in an ice water trap followed by a liquid nitrogen trap. Figure 4
and figure 5 are chromatograms prepared from the same sample trapping and are
typical of those obtained by the charcoal technique. Several of the peaks have been
attributed to low molecular weight hydrocarbons. The peaks attributed to acetone
and methylene chloride were artifacts, however, having been introduced when some
of the equipment was cleaned with these solvents. With our techn. ,ue, the charcoal
trap preferentially adsorbed low molecular weight nonpolar materials and, therefore,
could not be depended upon alone for quantitative estimation of all the contaminants.

4 . 6
gCLS
r CH AROL DESORBATE

0.5 ml. HEAD GAS

N-cuý

Figure 4. TYPICAL CHROMATOGRAM OBTAINED FROM HEAD GAS FROM
CHARCOAL DESORPTION INTO LIQ) 'ID NITROGEN TRAP.
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CHARCOAL DESORBATE
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Figure 5. TYPICAL CHROMATOGRAM OBTAINED FROM HEAD GAS FROM
CHARCOAL DESORPTION INTO ICE WATER TRAP.

One or two pretraps were always used to reduce water whenever samples were
collected but the presence of water was always a problem. In addition to water, the
liquid nitrogen trap also collected oxygen and carbon dioxide. On warming the trap,
prior to obtaining a gas chromatograph sample, the oxygen, carbon dioxide, and
most of the methane were lost. The remaining water and head gas from the samples
were then examined and gas chromatograms similar to figures 6 and 7 obtained.
Figure 7 shows a temperature programmed sample that produced 30 peaks. Not all
the peaks produced were from materials generated in dome, however. Various
materials were introduced from the outside air that was mixed with oxygen to pro-
duce the 69 0. - 32% N. dome atmosphere. On figure 7 we found that peaks 11, 21,
25, and 29 matched those found in outdoor air with respect to retention times and
peak heights. Peak number 9 and a small portion of peak 23 were introduced by gas-
off from the chromatograph septum. All peak identifications were made by matching
retention times at several temperaturcs with those of known compounds. From day
to day peak intensities varied but the total concentration remained very low. From
our best estimates of peak areas, the total concentration of organic contaminants
(aside from methane) is less than two parts per million of the dome atmosphere.
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Figure 6. GAS CHROMAT)OGRAM OBTAINED FROM LIQUID RESIDUE IN LIQUID
NITROGEN CRYOGENIC TRAP.

LIQUID SAMPLE
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Figure 7. GAS CHROMATOGRAM OBTAINED FROM HEAD GAS IN LIQUID
NITROGEN CRYOGENIC TRAP.
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CONCLUSION

Table I is a tabulation of the threshold limit values (TLV) of some of the
materials that we and other investigators in this field have found. RýLention identi-
fication indicates that the dome contaminants are not highly toxic materials and are
present in such extiemely low concentrations that they should have no physiological
effects on the experimental animals housed in these chambers.

TABLE I

THRESHOLD LIMIT VALUES FOR SOME COMPOUNDS OF INTEREST

TLV Found

Methane asphyxiant 17-19 ppm
Ammonia 50 ppm 0. 50 ppm'
Chloroform 50 ppm .035 ppm
Methylene Chloride 500 ppm .040 ppm
Trichloroethylene 100 ppm . 010 ppm2

n-Butyric Acid 10 ppm .015 ppm
Ethyl Alcohol 1000 ppm 0. 25 ppm
m-Xylene 100 ppm .010 ppm 2

Ethyl Mercaptan 10 ppm
Methyl Amine 10 ppm
2-Butanone 200 ppm not
n-Propylacetate 200 ppm detected
Ethyl Ether 400 ppm
Acetaldehyde 200 ppm J
By utilizing the total peak area and the relative sensitivity of
methane, the total organic vapor content of the dome atmos-
phere is estimated to be less than two parts per million.

1Estimated from alkalinity measurements.
'Peak area relative to metharn*.
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DISCUSSION

MR. MOBERG: The other paper was 'Contaminant Generation by Animals in the
Thomas Domes" and maybe there are some questions that are appropriate at this time.
I have some questions myself on this particular one. I'm not sure that we can call a
cabin clean if there are no materials above the one part per million range because we
are interested in the total picture of contaminants as far down as we can accurately
measure and there seems to be significance in materials below parts per million levels,
even in the control chambers. Now Doug might disagree with me on this, but I think
it is worthwhile that we look at levels below a part per million and show that the cabin
can be contaminated with materials which later might affect the experiment indirectly.
Doug, would you like to comment on this?

DR. MAC EWEN: Yes. I'm not so sure that I quite understand what you are say-
ing, but I think you are saying that we should be concerned with any of these materials
regardless of how little is there. It is true that there are quite a variety of materials
there, most of them originating from the animal and the concentrations of many of these
were highly insignificant from a toxicological point of view. There were a few chlori-
nated hydrocarbons present which may come from the hypoxy paint that the dome is
painted with on the inside. The dome is painted to prevent corrosion of the metal
surfaces; again, the concentrations of these were extremely low and below, far below,
recognized significant toxicological levels.

MR. MOBERG: All right. I was a littie concerned with the one slide usirg the
human detection system for identifying materials. I would be very interested in know-
ing what some of these components are. I think we have made some identitie', on such
odorants, but before I would comment, I would really like to get some substantiation
from other workers in the field. I don't mind sticking my neck out, but sometimes it
is out so far that I can never withdraw it.

MR, VERNOT: I think I car. say something about the paper from which this data
was taken. In order to get gas chromatographic peaks for the materials that they were
interested in, this was done on chicken droppings--is that right, John?

FROM THE FLOOR: That is right.

MR. VERNOr: And they couldn't get gas chromatographic peaks for materials
they knew had to be in there because they smelled them and they were looking for
things like indole, skatole and such which are normally associated with these things.
So what they did was to make a stew out of the J.roppings themselves and looked for
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them, not in the atmosphere, but in the solid and liquid mash that was actually lying
on the ground. Only then could they get these gas chromatographic peaks for the mater-
ials which were soodoriferous that they were really overwhelming in the chicken yard
or wherever they were keeping these animals. We didn't do that, of course, we had
to work with the physical state of interest to us, the atmosphere. We weren't interested
in the feces or the liquid state or this sort of thing because the animal really doesn't
come in contact with these things. So there again, in order to get some of these odori-
ferous materials gas chromatographically present techniques are not advanced to the
point where we can find them yet.

The other thing you mentioned was, as far as the organoleptic effectq of some of
these odoriferous materials, this is not a new technique. I know because I used to
work for a food corporation and you get gas chromatographs of coffee aroma or fruit
aroma, this sort of thing, and the first thing you think about, you get some expert
nose as a detector, and it has happened time and time again that the nose can detect
materials that the most sensitive gas chromatographic detector misses entirely--it
just doesn't see it.

MR. MOBERG: Before I allow any more comments or questions back there, I'd
like to challenge this in part. I'm not completely ready or able to say that we can
identify all of these odors. There is a general feeling that detection by smell usually
goes down to about . 05-. 08 PPM and then you really fall off even for the most odorous
materials, even for these ketones. I'm not sure about that. I know you are ready to
make a comment, but this has been reported in the past. Now I would offer this,
that with detection techniques and back up of the GC with the mass spectrometer we are
able to go at least a hundred times more sensitive than this and get some reasonably
good qualitative data. It is possible that the odors are really a lock and key condition
or a combination of three or four components which produce a recognized odor, garlic
odor, or something of this sort, but still it is very important that the analytical chemist
start unraveling these things so that it can aid the whole area of work.

MR. VERNOT: Well, I certainly agree with your thesis that the instrumental
approach is the one to be taken, and of course we know that the detectors that have
been developed recently are becoming more and more sensitive: however, it's not true
that they have approached the sensitivity of orgaroleptic sensors to some of the extremely
odoriferous substances. Not only can the nose detect parts per billion but it can detect
parts per trillion.

MR. MOBERG: What is your technical back-.p for that?

MR. VERNOT: Well, I can't quote references at the moment, but AS I say, having
worked in the food industry some years ago, what people do is to make known dilutions,
and it is not hard to do this. You can achieve a certain maximum concentration. You
know that there is an upper limit to what you've got--people still smell it.

DR. LONDON (Aerospace Medical Research Laboratory): With respect to hydra-
zines, a piper was given at the recent AIA Me.tings in Denver. and in a double blind
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kind of experiment people were asked to stick their head in a plastic bag and record
any observation they cared to, or vise enter a room into which a given concentration
of either UDMH or NO, had been infused, and after- -I guess there were about 10 or
15 people on the panel--and the numbers that were given as detectible routinely for
UDMH was 3/10th of a part per million and a half of a part per million for NO,. As I
indicated, we don't have an instrument that can do that, anywhere near that reliability.

MR. VERNOT: That is true and it is also true that UDMH and NOI are really not
ba-d smellers when compared to some others.

DR. CAMPBELL: We have also used our smellers in the animal chambers and
without hardly any more than mentioning what psychological factors might be involved
in these things in chronic studies, we do smell some very strong odors in these animal
chambers, when we just open them up in spite of the ventilation rates, on t0" o)rder of
what I have mentioned. Our chronic automobile exhaust studies in particular are this
way, and even in the larger chambers that I described which are running at about twice
the ventilation rate that the automobile exhaust exposures are running, we smell odors
and I don't know what they are. They are a conglomeration of things, but even in con-
trol chambers we smell odors, or I think I smell odors that are quite different from
what I smelled in the hospital lab. That's pretty well known to anybody. These odors
do seem to be a bit different, and I'm not sure why. Of course these chambers are
steel and we do get an accumulation of this material on the chamber, and there may be
some metallic effect on these things, producing odd balls, but I think this must all be
co:sidered in a chamber situation. I might also add as a matter of new information
on materials in our auto exhaust atmosphere; we initially wanted to be sure that sulphur
dioxides, including sulphuric acid, were present in these atmospheres, combined with
various types of exhaust atmospheres, and so we proceeded to add these, then we moni-
tored the atmosphere and found that we did not need to add sulphur dioxide and sulphuric
acid to these atmospheres. The)y were there in abundance in the order of magnitude
that we wanted, so we had to drop that notion, and I think they are working on the whys
and wherefores of this.

DR. THOMAS: T-his is really related to this alien material or whatever you want
to call it from the toxicological standpoint. We are in the sanme boat as everytody is
in inhalation toxicology. As our instru.iiental sensitLvity increases, our previcus
limits of perfection become obsolete. Now there is an easy way out. If you run your
experiments, run the proper controls, duplicate the same environment, then by sub-
traction of differences, you'll get the toxic effect. But I'm not so sure that what we
see there is due to the chemical at all. It might be due to a biological agent. It might
b2 dcCe just to confineni !it. Any change of environment which is different from the
usual environment--That' " ,nv we started preconditionirg the animals in these chambers.
I hate :o use the word stress--but it is . different envrronment and the animal will ad-
just to that, and in that process of adjusting y(.u will -ee all kinds of findings if you
look -ioselv enough. I Just have a report on oy desk from Major Covne who is doing
his Phi') :hcsis on imnunohgical responses due to confinement in space cabin atmos-
phcrt.s. Hle finds -a high decrease in spleen Aeight. dCprcsr1li immurno1h1iCia titer
after ihnal c'• i. S PSI oxygen. Hte went to 7.5 i'Sl mixed gas, founid the san>.. So
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I said, "Well Put some animals in the dome at room air as controls. " Well, there too,
with no "contaminants", no oxygen but ambient air in the dome--is the depressed hemato-
logical response. Well, the only out is that you treat your control groups exactly
as you treat the exposed ones. That's about all we can do.

MR. MOBERG: I have three slides that I would like to show you and some of the
data was colleczed almost a year ago from the Apollo 7 and the data was reduced a
little after this time, but it might be new to you, and we will very quickly look at
these and I'll make a coniment or two on them. May I have the first slide, pledse.

(5';ide) What I wanted to show you was, this is a partial list of the materials that
were ide-tified and quant it.-ncd on tha Apollo-7 preflight studies at Cape Kennedy and
it is really just put up here to show you the large mass of data that was accumulated.
Now I will go to the next slide.

(Slide) This is data that waa taken from the charcoal from the Apollo-7 flight.
It was a double blind experiment. The laboratory did not know the order of the canis-
ters. They did not know the concentrations or gas flows through the charcoal. It does
illustrate that trace analysis can be reproducible, and it shows some definite trends;
and by the way, these numbers are absolute in relationship to each other. They are
percentage relationships. For example, in the acetylene, the first little bump might
be only five percent of the maj or mass peak, so that it does show reproducibility.
This shows that there is a trend for propanol that was formed or liberated during the
course of the experiment. Trhe methylchloride was present probably as a degas-ing
material all the way through the flight. We don't know where the acetylene came from
but it certainly was present in the initial stages; maybe a product released from an
electronic device and then the atmosphere eventually cleaned through the charcoal
system later, and the same for the hydrocarbon or octane with the exception of this
one peak. It may be real. We do not know that because it might have been released
from an electronic component. May I have the next slide?

(Slide) That's just another example of random selection of different materials
and then this is one of the alcohols, and you can see some trends again of the lower
alcohols forming in the earlier part of the flight, or at least evident in the charcoals,
and then the higher alcohols, and even the isopropanol quite high toward the end of the
flight. Thank you for those slides.

In this analysis we used an electron capture detector. We used flame ionization
detection, and at the present time we are using thermal conductivity analyses along
with those other two, with the backup of mass spectrometry. We feed the effluent of
the chromatographic system into the mass spectrometer, and we are able to see, on
a relative basis for a material like taurine from a grab sample of about 250 cc, ten
parts per billion extrapolated into the atmosphere sample, and the mass spectrometer
can back me up to about four times this number, so that we do have a good excellent
quantitative tool behind us in gas chromatography. One important thing we have learned
is that when we get a peak, even though it has the same retention time of a signal that
we collected the day before, the large number of organic compounds can potentially be
present. There can be at least two, three, or four components in that single peak at
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the same retention time. I used to be very strong on retention meacurement. I still
hold on to those for my quantitative data, but I must rely on the other detection tech-
niques to give me more assurance of what this material is; and in many cases, I have
found that the material has nut been what I suspected it to be, and sometimes this is
the way we find materials like monochloroacetylene when we think it is one of tie freons,
and we certainly wouldn't want to confuse the profession this way. But it easily can
happen.
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PAPER NO. 23

CONTAMINATION IN A SEMICLOSED ENVIRONMENT - THE MODERN HOME

Mars Y. Longiey, Ph. D.

Institute of Gas Technology
Chicago, Illinois

INTRODUCTION

Interest in the more subtle influences of environmental contamination is just
beginning to be felt important enough to merit serious scientific investigation. This
is largely due to the efforts of toxicological "splinter groups" concerned with atmos -
pheres in unusual environments and with the effects (such as mutagenic changes)
of long-term exposure to very low concentrations of contaminants. The importance
of these subtle effects in the home environment where we spend the majority of
our lives has been only casually treated in largely philosophical dissertations.

Rene Dlbos follows this inclination when he lists some of the possible problems
in "environmental biomedicine" (Ewald, 1967):

1. The lasting effects of early influences; i. e., of the effects exerted on
the organism during the formative stages of its development.

2. The delayed and indirect effects of F.nvironmental pollutants.
3. The distant consequences of exnosure to subcritical levels of

potentially inj urious substances and stimuli.
4. The effects of housing corditions on the development of sense

organs and of various physiologic: i processes.

For some time, it has been onc of my desires to examine the possibility of
significant environmental improvement in the home atmosphere. I was afforded
this opportunity upon the initiation of a long-term study sponsored by the American
Gas Association and The East Ohio Gas Company (to be described later).

THE TREND TOWARD THE CLOSED ENVIRONMENT
IN THE MODERN HOME

Advancing tecnnologies in architecture and building construction and the new
materials available make it possible, and for many economic reasons highly desir-
able, to virtually close the system with respect to the gaseous environment in the
modern home. From the few pertinent studies on this subject it is cleat that we
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have decreased the amount of fresh air ventilation in homes and offices - particularly
over the last 10 years. Considerable savings in the cost of heating and cooling the
modern home can be achieved by these methods. Furthermore, those familiar with
the air pollution problem in the Los Angeles basin know that the only respite from
the uncomfortable outside world is a well-sealed, air-conditioned enclosure.
Sealing oneself away from the polluted atmosphere is becoming more popular as
it becomes apparent that effective solutions to air pollution problems can be anti-
cipated only at some indefinite future time.

The space cabin and submarine are virtually closed systems; we feel that it is
possible to handle any contamination of these environments with proper filtering
and scrubbing techniques. Very seldom, however, are any suggestions made to
similarly purify the atmosphere in the semiclosed home environment. Moreover,
if we do provide fresh air ventilation in polluted areas, this too should be cleaned up.

Ventilation or the infiltration rate (expressed in air changes per hour) is a highly
important but poorly calculated or measured parameter in the design considerations
of architects and heating and air-conditioning engineers. Modern technical practices
dictate a minimization of infiltration, especially when more costly energy sources
are used (Edison Electric Institute, 1965; Ambrose, 1966; ASHRAE, 1967). For
example, each 1000 CF/min reduction of outdoor air represents a savings of approx-
imately 3 tons of refrigeration equipment and 80 million Btu/hr in heating equipment,
and a corresponding annual operating cost savings of $400 - $500 in electrical
energy consumption (Ambrose, 1966). Figure 1 shows the recommended infiltra-
tion rates to achieve various degrees of 'pure" air.

I (A) A NREQUIRED TO PROVIDE NECESSARY OXYGEN CONTENT
(0) ANRE[QUUIED TO PrvE.NT COI CONCENTRATION FROM

RQ81IG TBMOVE 0. 6 %

D ON SEDENTARY DqAXWS IFROM ASHRAE GUIDE)CD) DATA IC C INCREASED 11 0% (AND PPO&CTEm
0"TO ALLOW FOR MODERATE PISICAL AC TMIY APO OORS

10 "

0 100200 300 400 500 600 700 800900
OCCUPIED SPACE, cu ft/person

Figure 1. VENTILA tliON REQUIREMENTS RELATED TO CUBIC
BEET OF OCCUPIED SPACE PER PERSGN
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Ideally, Curves A and B in figure 1 are the goals to achieve, but it was recognized
that odors would need to be removed. Objectionable by odors are, in fact, the
criterion for minimum ventilation requirements. Table I outlines the most commonly
quoted minimum requirements found in the ASHRAE Handbook of Fundamentals
(ASHRAE, 1967) and somehow formulated by Yaglou in 1936. It is most important
to note here that all of these regulations for the total house are directed at reducing
: oors emanating from humans - not from processes or materials.

TABLE I

MINIMUM OUTDOOR AIR REQUIREMENTS TO REMOVE
OBJECTIONABLE BODY ODORS

Outdoor
Air Space Air Supply,

per Person, CF/min
Type of Occupants cu ft per Person

Heating Season With or Without Recirculation:

Sedentary Adults of Avg. 100 25
Socioeconomic Status 200 16

"300 12
500 7

Laborers 200 23

Grade School Children of 100 29
Avg. Socioeconomic Status 200 21

300 17
500 11

Grade School Children of 200 38
Lower Socioeconomic Status

Children Attending Privatc 100 22
Grade Schools

Summer Season. Air Cooled and Dehumidified. Iotal
Air Circulation 30 cu ft/min per Person:

Sedcntarv Adults 200 <4
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The range in fresh-air requirements runs from 5 to 25 CF/min per person. In
most homes, this would amount to less than 0. 5 air changes per hour. The readily
available data demonstrate that this infiltration rate is often not achieved in even many
of the older homes; in newer homes having an ordinary amount of insulation and using
ordinary construction materials and methods, this rate is approached only in severely
cold weather and high wind velocity conditions.

Very little is known about infiltration rates in homes. This parameter usually
turns out to be included in the "error factor" in computing heating and air-conditioning
cldculations. Calculation methods are crude for this highly dynamic parameter, and
rough estimates are the rule rather than the exception because -

1. Estimations of minute openings and porosities of building materials
are extremely difficult.

2. Nonlinear effects of wind and inside-outside temperature differentials
are not additive and are difficult to average.

3. Human activity in the homes is extremely variable and unquantitated.

Measurements of infiltration rates are difficult and have been done accurately
in only a few occupied homes. Such measurements involve the internal or external
release of a tracer gas which behaves like air and can be measured in small
quantities. In most cases where this has been done 'Coblentz, 1963; Jordan, 1963;
Tamura, 1964) infiltration rates seldom get above one air change per hour - less
than half that amount is common. In the newer homes, where attempts to eliminate
infiltration have been made, 0. 2 air change per hour is common; and with additional
efforts on the part of the householder to seal up all openings and avoid undue entrance
and exit, this figure can readily be reduced by a factor of ten.

INCREASING CONITAMINATION OF THE HOME ATMOSPHERE

Reduction of infiltration rates is by no means the only factor influencing inside
air contamination - our newly chemically enhanced lives testify to this fact. A quick
perusal of the excellent reference volume, Clinical Toxicology of Commercial Products
(Gleason et al, 1969) will astound the uninitiated with the ponderous numer of
chemicals of significant or unknown toxicities that may be found in the home. Many
of these compounds are used with great caution in industry. Some of them - the new
"enzyme cleaners", for example - are possibly hazardous, but show no indication
of caution on their labels because of the lack of knowledge about their biological effects.

For tLis discussion, I chose as an example just one class of potentially hazardous
materials - those dispensed in aerosol cans. Aerosols are used to dispense virtually
every type of cleaning, cosmetic, hobby, and food material used in the home. The
growth of this industry has been astounding. The journal, Aerosol Age, has shown
a production growth from 500 million units in 1958 Lo over 2. 2. billion units list year
(Chemical Specialties Mfrs. Association, 1969). Figure 2 depicts this production,
with over 1 billion units in personal products and 0. 5 billion units in household pro-
ducts accounting for the majority. The largest volumes of aerosol products proxtuced
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in the United States in 1968 were hair sprays, personal and hygienic deodorants and
anti-perspirants, starches and laundry products, finishes, and shaving lathers. The
production growth rate of these preparations is expected to exceed 5 percent over the
next few years.

TOTAL-2290.3

85.9 FOOD

INSECT SPRAYS

{':151 : :: "MISCELLANEOUS

4 COATINGS
B FINISHES

HOUSEHOLD
PRODUCTS

MILLIONS
OF

UNITS

PERSONAL
PROOUCTS

A- 991222

Figure 2. AEROSOL AND PRESSURIZED PRODUCTS PRODUCTION -

UNITED STATES 1968
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Modern technology has allowed the industry to further extend itself into the field
of powdered aerosol products. These now include lubricants (graphite, molybdenum
bisulfide, and Teflon), spot removers, insecticides, and foot powders. Numerous
aerosol cosmetic powders are also available (Kubler, 1969). This innovation is
expected to grow rapidly.

In addition to the "active ingredients", the propellent compound presents a hazard
which deserves much attention. There are a number of propellents in use, but I will
confine my remarks to the Freon compounds* - mainly trichloromonofluoromethane,
dichlorodifluoromethane, and 1, 2-dichloro-1, 1, 2, 2-tetrafluoroethane (Freons 11,
12, and 114). My concern is obviously not with toxicity of these chemicals themselves,
but with their thermal and, to a limited extent, chemical decompositiun products.
Under a wide range of temperatures a number of toxic materials are produced. These
include hydrogen fluoride, hydrogen chloride, carbonyl compounds, and other halo-
genated hydrocarbons, as well as free chlorine and fluorine. Water vapor and. many
metals tend to enhance the formation of decomposition products; temperatures as low
as 130 F have elicited the production of these compounds (Church, 1961 and DuPont,
n. d. ). I must emphasize that the decomposition products resulting from these and
other halogenated hydrocarbons are by no means completely defined.

Household heating and cooking equipment operates well within the temperature
range for decomposition of these chemicals. The electric heating elements in
furnaces, which often reach surface temperatures of 1500 - 2000 F, are within the
closed environment system in the house. Corrosion of these elements an--d-jcts has
occurred as a result of chemical air contamination. Freons 11, 12, and 114 were
shown to cause corrosion in heat exchangers in air concentrations as low as I ppm
(Hama, 1965). However, with fossil fueled heating units we are not immediately con-
cerned because the products of combustion are vented out of the system through a flue
rather than bacl into the living space. Corrosion of the human system has not been
investigated.

The average women may use from 1/2 to 2 oz of hair spray per hair arrangement.
In a 9000-cu-ft house, a peak concentration of 20 ppm of the Freon alone could be
reached. Using a figure of 230 million lb of household propellents consumed in 62
million homes, it can be estimated that the average 9000-cu-ft house with an air-change
rate of 0. 2 per house would have a Freon concentration of 0. 8 ppm at all times. Con-
version of these figures to some ot the more potent thermal decomposition products
should give rise to legitimate concern for the health of individuals in the home on
even an acute exposure basis.

*Freon - E. I. duPont de Nemours & Co., Inc.
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It seems that long-term, low-level exqosure due to the P,-tensive use and leakage
of these household products in the indoor environment would be of even more concern.
The main point is that we know virtually nothing about the degree of overall chemical
exposure in the home, let alone its possible biological effects. We do have some re-
cord of allergic or sensitive individuals responding drastically to indoor air pollution
(Randolph, 1962), but we have little knowledge of the magnitude of this damage to the
health and well-being of a population. Only recently have relatively few individuals
raised the specter of indoor air pollution.

AN EXPERIMENT IN ENVIRONMENTAL ANALYSIS AND CONTROL

In the previously mentioned study being conducted by the Institute of Gas Tech-
nology we have the unique opportunity to study in detail the indoor environment of two
occupied test homes. These adjacent homes, precisely alike in all constructioi, and
furnishing details, are occupi •.d by two similar test families. (Figure 3 depicts these
homes and a nearby data collection enclosure. ) A number of indoor environmental con-
trol systems were tested in these homes; both indoor and outdoor conditions are
exhaustively monitored and controlled by a process -control computer which collects
and records over 18, 000 data points per day without interfering with normal family
life (figure 4). We are curr-ntly measuring:

1. Indoor temperatures and humidities throughout the homes
2. Outdoor weather conditions, including solar radiation
3. Appliance-use patterns and energy consumption
4. Door and vent openings
5. Humidifier operation
6. Furnace and air-conditioner performance
7. Dust concentration and gaseous contamination
8. Infiltration

Figure 3. ENVIRONMENTAL TEST HOMES
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Figure 4. DATA COLLECTION SYSTEM

Provision has also been made for real-time inputs to the data collection system
from the test families regarding their responses to various environmental parameters
found in the home.

Considerable time and effort have gone into developing the instrumentation and
into obtaining base-line performance values for these homes. We needed to be sure
that we could correlate parameters such as outdoor wind velocity, and heat loss
from the house. But most important, we wanted to assure ourselves that the elusive
infiltration factor could be accurately determined and accounted for. We have accom-
plished these goals and are in the process of moving on to more detailed analyses of
the indoor atmosphere. We know, for instance, that at low wind velocities and at
small inside-outside temperature differentials, these homes have an average infil-
tration rate of 0. 1 air change per hour. This figure is comnon to most newly con-
structed homes where no special provisions for abolishing infiltration were made.

We have, moreover, seen the results of the use of aerosol sprays and know that
i00 ppm of halogenated hydrocarbons in the indoor environment are not unusual. In
fact, we were forced t. abandon the use of one of these materials as a tracer gas
for infiltration studies, largely because of the irregular ambient concentrations in the
homes. Other trace constituents of the atmosphere were measured and await further
verification before it is possible to make a definitive and meaningful report.

We plan to continue these studies of the indoor atmospheric environment on a
much broader scale and hope to measure rth2 effects of various control devices on
contaminant levels. Future plans include the measurement of airborne microbiological
contaminants, since it was shown (Elkins, 1969) that this is a highly significant factor
in the spread of diseases in the home. We also plan to investigat, ,he benefits to the
indoor atmosphere of a positive-pressure, fresh air system.
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SUMMARY

It is apparent from existing literature and the relatively limited studies done in
our own laboratories that the problem of contamination in the home will increase. We
say this bealse of the increasing home use of potentially harmful materials and be-
cause of the definite tendency toward making the home environment a closed system.
The task of aefining the degree of contamination is only surpassed by the more monu-
mental problem of ascertaining the subtle biological effects which may be caused by
indoor air pollution; but we have seen that this problem is common to the evaluation of
many open and closed systems.
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PAPER NO. 24

DIFFERENTIAL SEMIMICRO METHOD FOR BLOOD CATECHOLAMINES

Eugene L. Arnold, Captain, USAF
and

Michael L. Taylor, Captain, USAF, BSC

Aerospace Medical Research Laboratory
Wright-Patterson Air Force Base, jOhio

Any toxicological investigation is dependent upon precise and accurate methods of
chemical analysis. For many years, methods have been known for the in vitro and in
vivo measurement of many compounds of biological importance. For the most part,
however, these compounds are found in sufficiently high concentrations so that they
do not require extremely sensitive methods of detection.; On the other hand, there is
an increasing interest in a number of chemicals of biological importance that are found
in extremely low concentrations in blood, urine or tissue. In order to gain information
concerning ýhese compounds,' new, extremely sensitive methods must be developed
for their measurement. Such a group of compounds includes the biologically important
catecholamines epinephrine, norepinephrine, and their metabolites. Tissue and urine
measurement of these compounds has been possible for many years using fluorometric
techniques; however, these methods are generally difficult to use in blood analysis for
a number of reasons. First, and probably most important, are the interference pro-
blems that often occur with fluorometric methods. When working with blood, where
there is a combination of very low catecholamine concentration and high concentration
of other materials, particularly protein, interference and quenching phenomena lead
to problems of precision, accuracy and sensitivity. Secondly, since the normal levels
of epinephrine or noreplnephrine found in the blood stream of humans average between
60 and 500 picograms per milliliter of plasma (White, Handler, Smith, Stetton, 1959),
relatively large blood samples must be extracted in order to obtain sufficient quantities
of the catecholamines for measurement by fluorometry. When using small laboratory
animals, sufficiently large samples are almost impossible to obtain without terminal
bleeding. It is therefore obvious that a new approach is necessary if these compounds
are to be measured at the level at which they occur in the blood and realistic sample
volumes are to be used.

For some time in our laboratory we have been using methods of analysis based
ori electron capture gas chromatography. We have developed a method of analysis for
ionic beryllium in biological systems utilizing a gas chromatographic approach and
for this reason we have attempted to apply a similar method to the analysis of the
catecholamines. Since the chemical and physical properties of the catecholamines
make them unsuitable for direct gas chromatography, we'must first find suitable
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derivatives for use in this type analysis. If we look at the chemical structure of
catecholamines of biological importance, we find that they have a number of reactive
groups which may possibly be derivatized to form a volatile compound that is amenable
to detection using the electron capture detector. All of the compounds contain an amine
group and at least two hydroxyl groups which are quite reactive. The literature re-
veals considerable work on gas chromatography of catecholamines. Horning et al
(1964, 1966, 1968) have worked with trimethyl silyl ether and acetate derivatives
while Landowne and Lipsky (1963) have done some work on monochloroacete.tes.
These derivatives form quantitatively and are sufficiently volatile to allow chromato-
graphy of the catecholamines, however, none of them have significant halogen in the
molecule and are, consequently, relatively insensitive to electron capture detection.
On the other hand, Clarke et al (1966) at Fordham have worked with trifluoroacetate
derivatives and found that these derivatives possess sufficient sensitivity to allow as
little as 100 picograms of catecholamires to be measured. Although Clarke (1967) was
successful in measuring one catecholamine, dopamine, in urine, he experienced some
difficulty in separating the five catecholamines on any one chromatographic column.
This fact led us to investigate the use of a number of different column materials in
attempting to separate these derivatives.

The trifluoroacetate derivative can be easily formed at room temperature using
a 20%/o solution of trifluoroaceti.; anhydride in acetonitrile. Reaction is immediate
and quantitative with all five of tne commonly occurring catecholamines as illustrated
below. The by-product, trifluoroacetic acid,

HO CH-CH2 -NHv + CF 3-C -O-C -CF 3
-T~ l 1 , it

HO OH 0 0

0 Q
It 

o

CF 3-C C CH-CH2-N-C -CF 3  + CF 3 -C -OH
, H l,

CF 3 - C 0  0

O O=G - CF 3

can be removed rapidly by concentrating the reaction mixture under dry nitrogen.
We investigated several different stationary phases of low polarity such as OV-25,
SE-52, SE-30, and OV-1 but experienced the same problems of inefficiency that were
found by Clarke using QF1 as a stationary phase. More polar phases, however, over-
come some of these difficulties. EGSP-Z, an ethylene glycol succinate polymer, was
found to separate 4 of the 5 catecholamine trifluoroacetate derivatives. OV-210,
which is a methyl silicone form of QF1, would also separate 4 of the 5 catecholamines
but they were 4 different catecholamines than those separated by EGSP-Z. Instead of
investigating other polar phases we decided to test various mixtures of these iwo.
Figure 1 shows a chromatograph of the five catecholamine trifluoroacetate derivatives
using a 6 ft glass column containing a 1:1 mixture of the two phases. A hydrogen flame
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ionization detector was used to avoid concentrating our samples to remove unwanted
reaction products. There is a slight overlap between norepinephrine and dopamine.
However, by varying the ratio of stationary phases, this can be avoided. For instance
if a 60/40 column is used, dopamine and norepinephrine separate cleanly; however the
dopamir -metanephrine separation is less than baseline.

7 -7- -7 .......

± OGx- ±i w2 ,..,,..,,, .J%..,' "JN GOA,,,. FIV

CATECHOLAMINES AS TFA DERIVATIVES USING 1% EGSP-Z: OV210
60:40 w/w AS A STATIONARY PHASE. Gaschrom Q 60/80 mesh used
as the solid support.

Since we had developed an analytical approach for measuring catecholamines in
standard aqueous solution, we then attempted to apply this to the measurement of one
of these amines (epinephrine) in spiked blood samples. This presents the problem of
quantitative extraction and prevention of degradation during the extraction procedure.
First we tried direct reaction of trifluoroacetic anhydride with freeze-dried sampleQ
which were spiked before freeze drying with epinephrine. Using this method, recoveries
of the epinephrine were accepcable but there were malny extraneous peaks in the chroma-
tograms. With the acidic butanol extraction method used by Maikel (1968), we obtained
cleaner samples but less quantitative results. Since protein-free filtrates have been
used extensively for removing small molecules from biological samples, trichloro-
acetic acid precipitation followed by direct reaction of the freeze-dried filtrate was
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attempted. Trichloroacetic acid is soluble in the reaction solvent and cannot be
easily removed and consequently interferes with chromatography. The analogous
fluorine acid, however, can be easily removed by freeze drying due io its high vapor
pressure. Its action as a precipitating agent is very similar to trichloroacetic acid.
If the protein-free filtrate obteined is freeze-dried, both the water and the trifluoro-
acetic acid are removed and the end result is a clean sample. Recoveries from spiked
samples range from 80 - 10070 using this method of extraction. q',romatographs of
two samples are shown in figure 2.

Figure 2. COMPARISON OF A CHROMATOGRAPH OF AN E;PINEPHRINE
TRIFLUOROACETATE DERIVATIVE IN A STANDARD ACE-
TONITRILE SOLUTION WITH THE SAME COMPOUND EX-
TRACTED FROM WHOLE BLOOD SPIKED WITH 2 MG/M4L
EPINEPHRINE. Column and conditions are the same as in
figure 1.

The chromatograph on the right is a weighed amount of epinephrine reacted with
trifluoroacetic anhydride to form the derivative and then Chromatographed. The other
is a blood sample containing two milligrams per milliliter epinephrine, extracted and
derivatized by the rinethod described previously. The peak in this chromatograph
cr:responds to . 59 .nicrograms of epinephrine as opposed to . 56 micrograms of
epinephrine/injection in the standard, As can be seen, both extraction and the deriva-
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tive formation appear quantitati ve. While a concentraticn :2 f,;o milligrams per
milliliter of blood is several orders of magnitude higher than the normal baseline
level of epinephrine, the chromatograph still serves to show the feasibility of the
approach. Furthermore, this is far from the practical sensitivity of the method at
this stage of development. By using a combination of concentration steps and the more
sensitive electron capture detector instead of the H2 flame ionization detector, con-
centrations on the order of . 01 pg/ml epinephrine or aorepinephrine in blood samples
of 1 ml might be realized. This sensitivity, however, is still insufficient to allow
measurement of catecholamines in normal human blood or plasma, particularly if
we are restricted to small (1 ml) sample volumes. At this time we are pursuing two
solutions to this problem which may either separately or together provide the required
sensitivity. The first and most obvious solution is the preparation of a new derivative
which is more amenable to electron capture detection. In a recent paper, Angaard
and Sedvall (1969) have shown that heptafluorobutyrate derivatives of several cate-
cholamine metabolites including metanephrine and normetanephrine are much more
electron capturing than the trifluoroacetates. Cursory studies in our laboratory have
indicated that this is indeed also true for epinephrine and norepinephrine. With these
derivatives, levels as low as 10 picograms epinephrine per injection produce quanti-
tatible peaks. This is almost an order of magnitude less than can be detected of the
corresponding trifluoroacetate derivative. A second possibility to increase the sensi-
tivity of the method would be to increase the sample size injected into the chromaco-
graph. While solvent peak interference becomes a problem for sample sizes greater
than 5 microliters, several years ago Glowall Industries developed a device whereby
large (. 5 ml) samples could be impregnated on steel wool pads and the solvent removed
by evaporation. Pads containing the sample were then directly dropped into the heated
injection port of the chromatograph. We are presently working on a modified version
of this device and have successfully used it to inject the material contained in up to
0. 2 ml of solvent with no solvent interference whatsoever. While much more work
will be required, it appears that these two modifications to the method described will
provide adequate sensitivity to allow measurements at realistic biological levels.

In summary, the details of our present method are as follows:

1. To 1 ml whole blood, add 3 ml aqueous 10% trifluoroacetic acid
and agitate for 30 seconds.

2. Centrifuge for 30 minutes to precipitate blood proteins.
3. Withdraw a 1 ml aliquot of the supernatant and freeze-dry.
4. To the freeze-drying vial, add ,. mi 207, trifluoroacetic anhydride

in acetonitrile.
5. Chromatograph 1 microliter sample using 6 ft columns packed with

1% EGSP-Z/OV210 3/2 W/W ua 60/80 jmiesh gas Chrom Q, 125 C
column temperature, 140 C injector temperature, 190 C detector
temperature, 20 cc/min nitrogen flow.

With the modifications I have sugg2sted, it is hoped tnai. this will provide the
long sought after differential semi-micro me. odd of analysis of blood cateclolamines.
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INTRODUCTION

During the first or our conferences, a discussion ensued subsequent to Conkle's
paper (1965) on contaminant analysis, concerning the reliability of the "black box"
vs classical chemical methods. The recorded consensus attested to the dissatisfaction,
to one degree or another, with totally instrumented approaches. The purpose of this
paper, presented four years after this brief discussion, is to describe an essentially
identical situation - in this case the analytical monitoring dil( nma involving the hyper-
golic missile propellant systems of monomethylhydrazine (MMH) and nitrogen dioxide/
nitrogen tetroxide. In an attempt to convey the totality of the problem, we will dweil
on several subjects, i.e., evaluations of prototype and developed instruments and
colorimetric dosimeters, commercially available portable detector, and recently
obtained data on a specific field experience. An examination of previouF' consider ", ns
and attempts to develop detection systems characterized by operational requirements
should prove enlightening.

Although a wide diversity of chemical types might be included in this general dis-
cussion, we may limit our interest to those propellants currently in use or those most
likely to be utilized in the forsetable future. The former include the hydrazine family
of fuels and the oxidiUr N42 0 /NO, while the latter consists of inorganic halogens,
interhalogens, NF compounds such as nitrogen trifluoride and tetrafluorohydrazine,
chlorine trifluoride, oxygen difluoride, and chlorine pentafluoride. Also of interest
are the propellant mixtures incorporating the light metal3 aluminum and beryllium.

The development of appropriate devices and techniques for the detection of missile
propellant vapors meets its first obstacle in the definition of .,quirements. We ma'y
consider two distinct categories of needs: 1) the leak detector that is designed to re-
spond to the minutest concentration within the state-of -the-art capability to ascertain
the status of the weapon system; and 2) the device that monitors the environment to
provide protection/warning for workers with respect to safe limits as defined by in-
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dustrial hygiene dictote3. Obviously both the design goals and selectinn of the opera-
tional principle must be guided by the specific application of the device. Those con-
siderations that influence approach and desigr. include sensitivity, accuracy, dynamic
range, portability, power consumption, duration and intent of use, interferences,
reliability and cost. Further complication occurs when field requirements, and hence
logistic problems, are considered.

In order to delimit the scope of this discussion, we will arbitrarily reject the leak
detector concept and address ourselves to the reazr-ih and development efforts assoc-
iated with devices designed to provide warning of a hazardous work environment.
Certainly an instrument that can operate continuously and quantitatively detect propellant
vapors in the fractional part per million (ppm) range is a desired gcal and would offer
an adequate solution to both problems. However, such an instrument is difficult to
obtain for laboratory applications and is far from a reality for field use. Suffice it o
say that leak detection requirements will have to be satisfied with the performance of
industrial hygiene instruments whose sensitivity and duration of performance require-
ments are considerably less stringent.

To ascertain if nonhazardous conditions (relative to toxicity) exist during the per-
formance of testing or operational procedures associated with missile systems, two
approaches have been considered: 1) the utilization of colorimetric methods in which
the development of a characteristic color on a supporting surface provides a quantitative
estimate of vapor concentration; and 2) the application of selected physico-chemical
principles in conjunction with electronic signal processing to provide a direct measure-
ment of environmentil concentration. Two goals were characteristic of both of these
progiams: sensitivity in the range of the established industrial hygiene limits, i.e.,
the Threshold Limit Value (TLV) and the Emergency Exposure Limit (EEL), and
specificity (or lack of response to potential interfering substances).

ý,oiorimet.'_ , c-hf .c: - •he detection of a wide variety of toxic substances
have been included in the armamentarium of tne industrial hygienist for some time.
In csscnce, air samples are passed through a glass tube containing the reagent adsorbed
on a supporting material such as silica gel or on a piet-e of filter paper placed in a
holding device. A metered amount of air is sampled by virtue of a calibrated hand
pump and a limiting orifice. The intensity of the developed color or the length of the
colored portions of the column is compared to standards for a quantitative estimate of
the concentration in air. Sensitivities may be quite low, e.g., arsine may be reliably
detected at 0. 025 ppm. In general the usable response ranges encompass the TLV.
For the propellants of interest in this report, i. e., NO, and monomethylhydrazine,
commercially available detector tubes (Draeger Tubes Ch318 and Ch300) were shown
to respond to 1 ppm MMH and 5 ppm NO, respectively (-. uffly et al, 1968). However,
extremes of temperature and high humidity signiiicantly affected the quantitative
response.
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These types of colorimetric detectors require the user to participate actively in
the measuring or monitoring procedure. In addition, the information obtained repre-
sents a single point in time as opposed to a continuous or integrating record. Under
certain work situations such as occur in missile silos or launch control centers, these
characteristics could prove unacceptable. To obviate these undesirable performance
characteristics, colorimetric film badges were developed that operate by passive
diffusion and are integrative, i. e., they exhibit an increasing color intensity with in-
creasing concentration and/or time. Thus iz ;s possible to obtain an approximation
of the extent of exposure in terms of a concentration x time (CT) value. Plantz (1967)
developed a dosimeter for hydrazine fuels using the reagent bindone ( ( 2&, 2 - biindan)
-1', 3, 3'-trione) adsorbed on silica gel. This system provides a color response over
the CT range of 65-1800 ppm-min deperding upon the particLiar hydrazine fuel. Arnold
and Rakowski (1968) presented a detailed description of the chemistry of the bindone -
hydrazine reaction and an evaluation of the dosimeter response, indicating performance
deficiencies, recommendations to rectify these deficiencies, and proper utilization of
the device in the field. Rakowski (1969) compared the capabilities of several commer-
cially available colorimetric detectors for hydrazines and NO., noting those that may
be more amenable to Air Force needs. Rakowski (1969) also developed dosimeter3 for
NO2 using diphenylamine on silica gel that gave well-defined color differentiation at CT
values of 50, 100, and 300 ppm-min. Diamond (1968) evaluated these sensor strips and
observed a reasonable agreement of the response with the color standards formulated
by Rakowski.

All of these dosimeters exhibit several undesirable features, primary of which is
the lack of quantitative accuracy. However, if used judiciously they could provide
LAequate industrial hygiene information.

A device that utilizes both coloiimetric and instrument approaches is the E41
alarm', which was originally conceived ` -. 'i,', '._ctor for chemical warfare agents.
In essence, an air stream containing the agent is impinged on a tape impregnated with
the reagent. The presence of the agent results In a colored spot that is observed by
a photo detection system comprised of an exciter lamp and "1 cadmium sulfide photocell.
A study conducted by Autonetics (1969) to determine the efficacy of this instrument for
Minuteman III application indicated that a modified E41R3 alarm using dry fiberglass
tape impregnated with alternating spots of N-*henyl anthranilic acid and p-<iliethyl-
aminobenzaldehyde (for NO2 and MMH respectively) detected the propellants at the
TLV concentrations. Response times were acceptable, and the system performed
adequately between the relative nrmidity (RH) range of 0-1007o and temperature range
of 0-38 C (32-100 F). However, certain deficiencies were noted and Autonetics pre-
sented recommendations for a developmeptal effo:-t for the redesign (I the E41 alarm
to fulfill Minuteman requirements. The E41 alarm was tested by Pragcr (196•b) for
use as i shipboard detector and found to perform satisfactorilv for MMII detection.

T'U7.S. S. Army Training Manual TM,3-6665-210-1 2, Alarm V-G A,\l.t, Automatic F:d,

E-41A3
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Prager (1968a) also studied the response of the E41 to chlorine trifluoride (CTF).
Using the alarm in its initial configuration, i. e., addition of the reagent 0-dianisidine
in solution to the tape, he observed a response to 0. 12 ppm CTF in less than 30 seconds
and to 0. 48 ppm in 10 seconds.

The search for appropriate physico-chemical methods for propellant vapor detec-
tion has yielded several interesting and potentially efficacious approaches. Annand
et al (1963) evaluated a variety of physical and chemical phenomena, shown in table I,
and selected three methods which appeared to exhibit desirable characteristics for
further study. Their experimental investigations on surface conductivity of semi-
conductors, ionization by radio frequency excited helium, and halogen-enhar -ed flame
ionization indicated that ppm levels of propellants could be detected by these techniques.
These studies were only exploratory in nature and were not designe& to result in instru-
ment development.

TABLE I

POTENTIAL TECHNIQUES FOR PROPELLANT DETECTION

Technique Sensitivity
Surface Adsorption on Metals

1. Surface Potential Very Good
2. Capacity of Vibrating Condenser Very Good
3. Resistance of Thin Films Good
4. Ellipticity of Polarized Light Reflected from Good

Thin Films
5. Field Emission Microscopy Best

Surface Adsorption on Semiconductors
6. Strobe Measurement o Charge Carrier Generation Very Good
7. Surface Conductivity of Thin Films Very Good

lonizati(in Processes
8. Halogen Enhanced Flame Ionization Good
9. Ionization by rf Excited Helium Very Good

10. Field Ionization Best
Dielectric and Eiectromagnetic Phenomena

11. Fluorescence Quenching Good
12. Microwave Interferometrv Good,

Miscellaaeous
13. Corrosion Rate Effects Good m

14. Surface Tension Effects Poor

Mxified from Annand et al (i93)
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Brousaides et al (1961) studied the feasibiiity of 3ctivatlon analysis and inverse
radioactive tracer techniques for propellant detection. Using aaKr quinol clathrates,
they showed that NO, hydraz!ne, and unsymmetrical dimethyihydrazine (UDMH) could
be detected and recommended an instrumented approach tvsing this principle. They also
discussed a neutron productir. an.d, detecLion method for BeO measurement.

An amperomecric method was investigated by Poulos (196i) for N20 4 , 01 N2F4
and IJDMH detection. He adQpted a prototype borane monitor using Pt-Pt or Pt - Ag/AgC1
cells and could measure the compounds of interest at the 0. 1-10 ppm level. Roth (1963)
die-cussed the methods used ct that time for liquid propellant monitoring and considered
others that might be applicable (catalytic combustion, thermal conductivity, depolariza-
tion, infrared absorption, ionization and colorimetric titration).

Prager and co-workers (1964, 1968a, 1968b) have investigated the applicability of
several detection principles for various propellants of interest under laboratory and
field (shipboard) conditions. The methods considered included colorimetry (E41),
ionization chamber, e'ectrochemical, gas rhLromatography with flame ionization and
electron capture detectors, fluorescence quench, frustrated multiple internal reflec-
tance (FMIR) spectroscopy, and condensation nuclei counter. Prager's studies have
indicated that the ionization chamber in a two-channel configuration is the best cf these
approaches for Navy requirements.

All of the principles discussed above suffer from the restrictions imposed upon
any detection device that must operate as a point-source 'sensor, with the exception
of infrared absorption. Using infrared scanning in an open path mode, it might be
possible to negate the problems attendant with multiple sensors. Buscaglia and Wallack
(1961) considered such an application and showed the feasibility of narrow absorption
infrared (NAIR) instrumentation for NO, UDMH, and NaH 4 detection. In essence, the
system is based upon nondispersive detection employing a microphone-type transducer
for the conversion of thermal to electrical energy mediated by mechanical (gas pressure)
means. Based upon this study, Freilino and co-workers (1963) designed and fabricated
a prototype device that utilized a folded path up to 250 ft in length. These efforts in-
dicated the advantages of area monitoring and the selectivity of IR approaches.

Field detection requirements for missile propellants were first established in
1960 with the advent of the Titan II Ballistic Missile System. It was considered neces-
sary to incorporate permanently installed and portable monitoring equipment to fulfill
system and safety requirements. The fixed detection system consisted of a commer-
cially available ionization chamber while the portable device operated on the electro-
chemical principle. Both of these devices proved to be of little or no value due to
instrument malfuncton, lack of sensitivity and selectivity, and difficulty in operation
(Russell, 1969). However, improved models of the electrochemical device became
available and were evaluateA in detail by Klelneberg and Widman (1969). They showed
that the Teledyne OlfactrorP• 6010 would respond to 2 ppm MMH, UDMH and NO under
carefully controlled laboratory conditions. Concentrations' lower than 2 ppm could not
be reliably detected.
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Increased emphasis on Lhe need for MMH and NO. monitoring devices was provided
by the i.nceptior of the Minuteman III System. The detection requirements included
portable operation on both 110V ac from the system and self contained battery pack at
detection sensitivities of 1.0 ppm MMH and 5. 0 ppm NO.. Teledyne had developed a
further modification of the Olfactron, designated Model 6110, and this device was con-
sidered for fulfilling the above system requirements. Changes in electronics, sampling
rate, and sensor design suggested that significant improvements had been incorporated.
To ascertain the reliability and capability of this instrument, we initiated a detailed
evaluation of the most recent modifications.

MATERIALS AND METHODS FOR OLFACTRON EVALUATION

UDMH and MMH Procedures

The instrument evaluated is the Olfactron Portable Vapor Detector Model 6110
which is manufactured by the Control Systems Division of Teledyne Inc., El Segundo,
California. It is a self-contained instrument consisting of four sections: the oxidizer
and fuel transducers mounted in tandem in conjunction with a fan that provides the
pneumatic sampling train; the solid state electronic signal processing section; the
audio and visual alarms and single readout meter that can be switched for either
channel; and the power supplies consisting of a 20-cell storage battery pack that pro-
vides an output of positive and negative 13 volts dc for eight hours operation and re-
actifier power supplies for ac continuous operation and battery charging. A three-
position range selector switch (X5, X1, and X. 1) permits meter readings from 0-500
ppm for the oxidizer channel and from 0-100 ppm for the fuel channel. As recommended
by the manufacturer, the Olfactron should be calibrated with the Teledyne Calibration
chamber, Model 6190. This is a 10 liter teflon-lined aluminum chamber in which the
transducer and fan may be placed for calibraticn. It is provided with external electrical
fittings to enable the Olfactron to serve as the electronic and read-out source. However,
the chemical stability of the hydrtzine fuels is such that establishment of nominal con-
L zntratioas under static conditions without means of verification can be seriously
q:,c3tioned. To avoid such potential problems we decided to utilize a dynamic system
with c ontinuous on-line monitoring of the fuel concentration by automated, instrumented
meants, as depicted in figure 1. !n this system, MMH or UDMH was injected via a port
into a 20 liter teflon bag which contained dry nitrogen and allowed to vaporize to estab-
lish a nominal concentration of approximately 104 ppm. The hydrazine fuel (in nitrogen)
was pumped to the mixing chamber %here it was dilv+3d with room air that had been dried
by passage through the silica gel canister. The fuel-laden air stream passed through
a flowmeter and was then divided into three portions. One pogion passed through a
metering valve and a flowmeter to a Technicon Auto-AnalyzetO where the hydrazine
fuel concentration was measured continuously by the iodine reduction method essentially
in the range of 10-50 ppm (Geiger, 1967). A second portion was drawn, byArtue of
the contained pumvn through another metering valve to the MSA Billion-Aird. This
device, which operates on the ionization chamber principle using trifluoroacetic acid
vapor as the particulate-forming reagent, was used Lo monitor the propellant concen-
trations in the 0-10 ppm rangc. Calibration was accomplished with the Auto-Analyzer.
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Figure 1. DYNAMIC FLOW SYSTEM

In all experiments both instruments were used simultaneously at all fuel concentrations;
by diluting the fuel-containing air with room air via a meter valve and flowrmeter, the
Billion-Aire could monitor concentrations ranging from 0-50 ppm, while charging the
normality of the iodine solution from 0. 001 to 0. 01 permitted using the Auto-Analyzer
over this range. The third portion of the fuel-a' stream entered an expansion chamber,
located in a hood, consisting of a length of Tygonb tubing (2.5 x 7 cm) into which the
probe of the Olfactron was placed. The flow rate at this point could be ca!culated by
subtracting the sum of the flow rates through the analytical instrLments from the total
flow of the system. Thus it was possible to maintai,: and monitor with adequate pre-
cision and accuracy (Geiger, 1967) the desired fuel concentation in a dynamic system
during the entire e:xperimental period.

The MMII and UPM'H used were propellant grade (99-.0 purity) and were obtaincd
from Olin Matheson Chemical Corporation and Matheson Coleman & Bell, respectively.

Data were obtained in the following manner; prior knowleJge of systcm flow rates
was used to establish a nominal UDMH or MMH concentration. When the recorders
indicated the system was passivated and equilibrium had been reached, fine adjust-
ments of the flow rates were performed to obtain the particular conce.ntration of intcr,'st.
Upon reestablishment of a flat baseline, the Olfactron probe was placed ,in the expansion
charyner and sampling initiated. Throughout the entire experiment, thc Olfactron was
operated continuously in the ac, i. e. line current, mode. At the initiation of each
phase of the evaluation, the transducer was calibrated by adjustment of the amplifier
to produce the meter readirg equivalent to the known fuel concentration.
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Transducer response was measured by observing the meter at selected time inter-
vals. Recovery times were determined by removal of the Olfactron probe from the
expansion chamber and permitting room air tc flow through the pneumatic system.
Determinations at each fuel concentration were performed in triplicate; prior to each
observation, the transducer was equilibrated, i. e. a stable meter reading was obtained
at 0 ppm nr the meter was adjusted to this point.

N 2O/N•_O Procedures

At dilute concentrations at room temperature the monomerAimer mixture of NO0
and N2 0 4 reaches an equilibrium in favor of NO 2 . Since NO2 is stable in air (Carberry,
1959; Dekker et al, 1959), we did not feel it necessary to monitor an absolute concen-
tration but rather determine the linearity of the transducer response with respect to
nominal but quantitatively proportional concentrations.

Our studies of the oxidizer transducer were conducted with the Olfictron calibration
chamber. The transducer was calibrated by establishing a 50 ppm roncentration of NO0
in the chamber by injection of 293 tal of NO, vapor at 23 C. The volume t - NO2 required
was calculated as described in the Olfactron manual using the relat'oaship Vg = Vc

where Vg = volume of gas, N = ppm, Vc = volume of the chamber, e = temperature
correction factor, and P = pressure in atmospheres. Al1 subsecjient data were obtained
by inj ection of the calculated volume of NO2 vapor to establish the ecsired chamber con-
centration. Each experimental point was replicated at least three ti mes. The NO/N20 4
used in this study was obtained from the Matnesou Company in lecture bottles.

The studies concerning transducer response to humidit,, were performed with old
and iew transducers placed in tandem itt Lhe Olfactron. Since the amplifier circuitry
is the same for bath oxidizer and fuei chatinels, it was possible to use each of the
channels for both oxidizer transducers. The transducer re-,ponEes were recorded on
a dual-pen strip chart recorder. Both transducers were spt arbitrarily at a meter
reading of 10 ppm at the initiation of che experiment. The Olfactron probe was then
connected to Mylar bags containing either dry air or saturated air as required.

RESULTS AND DISCUSSION OF OLFACTRON EVALUATION

The primary objective of this effort was threefold: to determine the sensitivity
and linearity of response to MMH; to ascertain the validity of MMH calibrdtion using
UDMH; and to determine the performance of the new NO, transducer. OuL initial
studies were conducted with UDMH since ft is consider'ably morc nttble than MMH and
it is necessary to determine differences in transducer" response.

The representative data in table Ii are presented to show the excellent agreenrent
in response for replicate observations. Transducer No. 2 ws -,alibratcd with 48 ppm
UDMH and then exposed to successive concentrations of UDMH. The data points at
the selected time intervals for a given exposure were in many instances identical.
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TABLE II

TRANSDUCER NO. 2 RESPONSE RATE TO UDMH

Seconds

______ 5 10 20 30 145 60 1-20 Final
Run - 21.0

1 19 21 23 24 24 24.5 26 26
2 18 21 22 22.5 23.5 24 2.5.5 26
3 19 21 22 23 23 23.5 24.5 26

Run - 9.7
1 6 7.5 8.5 9.0 9.4 9.6 10.0 10.4
2 6.5 8. 0 8.7 9.2 9.5 9.7 10.0 10.3
3 7.0 8.2 9.0 9.3 9.6 9.7 10.0 10.4

Rain - 3. U
1 1.2 1.8 2.2 2.3 2.5 2.6 2.9 3.3
2 1.4 1.8 2.2 2.4 2.6 2.7 3.0 3.2
3 1.4 1.8 2.3 2.6 2.7 2.8 3.0

Numbers in the Table are Olfactron meter readings in ppr-

The time for maximal response varied from approximately 2 to 15 minutes. With
the exception of the 0. 5 ppm exposure, the final readings, shown in figure 2, did not
significantly exceed the 2 minute response. These data indicate a reasonably linear
response to UDMH. The response of the instrument to concentrations of UDMH ranging
from 0. 5 to 56. 5 ppm, plotted in terms of percent response is shown in figure 2. This
response varies from approximately 90% to 124% of the actual exposure concentration
without any apparent relationship of the concentration to final response. Thje recovery
for the 21 ppm exposure, the first to be accomplished, was significantly g-eater than
100%0 because of excess electrolyte on the sensor surface which was removed for sub-
sequent exposures. Although these response curves do not cluster around the 100%
level as closely as we would prefer, the data do suggest the Olfactron can provide an
indication of UDMH concentration.

The rec,,.ery data for this experiment presented in table III suggest an inverse re-
lation of exp sure concentration to recovery time. The trend remained constant through-
out our studies as shown in table IV and V, and figure 7. We attribute this observa-
tion to the fact that as the exposure concentration decreases, the 10 or 20% final re-
covery to 0 baseline -epresents smaller ppm meter readings. At the higher amplifier
gains required for the lov er concentrations, these smaller fractions are more apparent
as the system depassivates and approaches equilibrium.
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Figure 2. TRANSDUCER NO. 2 RESPONSE TO UDMH

TABLE III

RECOVERY OF TRANSDUCER NO. 2 AFTER EXPOSURE TO UDMH

UDMH, Recovery Time in Seconds

ppm 8M 20s-

56.5 21 113
21.0 8 36
9.7 10 42
3.0 24 91
0.9 44 85
0o5 570 --

Transducer Calibrated with UDMH
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TABLE IV

RECOVERY OF TRANSDUCER NO. 3 AFTER EXPOSURE TO MMH

MMH, Recovery Time in S).conds
PM WC, _

55.0 5 27
34.6 17 131

Transducer Calibrated with 24 ppm UDMt to Read 35.5 ppm MMH

TABLE V

RECOVERY OF TRANSDUCER NO. 3 AFTER EXPOSURE TO MMH

MMH, Recovery Time in Seconds

1/.5 6 2?
11.7 28 368-55
2.7 52 97
1.2 73-4 --

Transducer Calibrated with 51. 5 ppm MMH

The next phase of our effort concerned the calibration of the transducer with UDMH
for MMH monitoring. The amount of UDMH required to establish a desired concentra-
tion in the calibration chamber can be calculated from the relationship:

VL VcKN 10' 3

D
where VL = volume of UDMH in pl; V = volume of the chanber (10 liters); K = 2.46 ug
UDMH/liter of air/ppm; N = UDMH chamber concentration in ppm; apd D = density of
UDMI{ ,t 25 C (0. 786i). ii one were to calibrate with MMH, appropriate substitutions
in the equation for MMH density and weight-ppm equivalent should produce the required
volume for a given concentration, provided all the MMH is vaporized. Because of the
problems attendant with field calibration using MMH, Teledyne experimentally determined
appropriate conversion tables for calibration with UDMH. For example, 1. 6 41 [ IDMIH
is required to establish a 50 ppm chamber concentration of this fuel while a value of
1. 08 p/l UDMH is given in the Olfactron Service and Calibration Manual as producing a
50 ppm MMH equivalent. Using this ratio of 1. 6/1. 08, we exposed fuel transducer
No. 3 to 24 ppm UDMH as measured in our dynamic system and spanned the instrument
to read 35. 5 ppm MMH. The responses of this transducer to 24. 6 and 55 ppm MMII
are shown in figure 3. It is quite apparent that the final values of 60 and 5(0 represent
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a significant reduction in response. We conclude that this was due to the use of a
conversion factor that was erroneously derived. Our data suggest that the transducer
responds differently when exposed to MMH and to UDMH, Recovery times for MMH
are similar to UDMH as indicated by the data obtained for this phase of the study shown
in table IV.

100 PPM

80

S60 - 46
- - - - -. ...-- ,.-- 55.0

040-

20

0o
20 40 60 80 ' 00 120 FINA

SECONDS

Figure 3. TRANSDUCER NO. 3 RESPONSE TO MMH CALIBRATED WITH 24 PPM
UDMH TO READ 35.5 PPM MMH.

Since the quantitative response to MMH could not be determined when the transducer
was recalibrated with UDMH, transducer No. 3 was recalibrated with MMH at a con-
centration of 51. 5 ppm. A sei '-s of four exposures of MMH concentrations ranging
from 1. 2 to 17.5 ppm was then p ,formed. The results of this study are shown in
figure 4 and table V. The observed responses ranged from 16 to 907,; in this case,
the data suggest a direct relation between exposure concentration and percent response.
However, the sequence of exposure was from highest to lowest concentration which
might have been a contributing factor. The recovery data presented in table V indicate
both the increased recovery time with decreasing concentration, as well as significantly
variable data due, we surmise, to the greater instability of the MMH molecule.
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Figure 4. TRANSDUCER NO. 3 RESPONSE TO MMH
CALIBRATED WITH 51.5 PPM MMH.

Our initial studies with the oxidizer transducer and NO, indicated that a linear
response occurred within the concentration range studied as shown in figure 5. However,
a more detailed series of tests concerned with response times and completeness of
response produced results fimilar to our observations with the fuel transducer. As
can be observed in figure 6, the responses varied from 90 to 105 percent without any
apparent relation to concentration or order of exposure. Although this range of responses
is not as great as observed previously and certainly more closely approaches the
desired goal of 100 percent, all of our observations with respect to overall response
vary sufficiently to suggest that these transducers are characterized by what might be
termed "fatigue". Anotber similarity concerning recovery time was also observedi
with NO, as is depicted in figure 7.
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To ascertain if a fatigue phenomenon aid, in fact, exist we placed protector caps
over the ends of transducer No. 3 and stored it for 48 hours. The transducer was
then replaced in the Olfactron and exposed to 68 ppm MMH as determined with the
Auto-Analyzer. Fcr three successive exposures, meter readings of 67, 68, and 68
ppm were observed. [Tpon reevaluatijn of previous data, we considered thL possibilitý
of a concentration effect and therefore removed the transducer, recapped it, and stored
it for an additional 48 hours. Fhe transducer was again replaced in the instrument
and exposed to 10, 13, and 13 ppm MMIH (the Billion-Aire reading changed during this
study but Olfactron readings were obtained simultaneously'), the transducer response
was 10, 14, and 14 ppm. As an additional determination, transducer No. 2 which
had been used for the t'DMII studies, was rechecked without recalibration. Upon c,-
posLrC to 7:3 ppm LtDMI (Autc-Analvzer) a reading of 70 ppm was obtained (I)h pc~rceit
response' Thus, the deviations of our data from 100 percent response, as shown
pirticular!v in figure 4, may he interpreted as resulting, at least in part, from fatigue
of both fuel ani oxidizer transducers to repeated exposures. Since thesc cLic.'tr('Chem-
ICal devices arc in essence fuel cells, it is conceivable tha- small aniutnts of !ucl
or' oXidizer and or their dcgradation predLucts continue to exist within the IliniiILc Of
the clectrolvte that is in intimate contact with the solid statc sensor SuIafdc. These
stbs'cnele; canl interfere, Lb an inhibition, with the norma •I oxidation or v'',ducCy
precess occurring within the cCl]. iotal ruccov,., 1. C. Call pcent response, can
OCcur" onl1Y after these substances have dissipated bh dlep'AsSiv.tW0nn or dkogradatl, n to
in'lk('uo1uS constitulCnts. It is therefore marndatort,, irrespectivc. of theun.e.-\ ill
mechanisms, that this c•i-h aicteris•ic of the ( Ifictron tra nr'" S , Ie cpicci;
clUcidarci prio, to an, "urther ,IsidrAt Iton of thl-. inlstrul t'ilt fr wld, us-'%
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Brousaides' (AF Cambridge Research Laboratories, Hanscom Field. Personal
Communication) studies on the older oxidizer transducer indicated that hutnidity exerts
such a significant effect that the transducer responds in an almost linear fashion that
can totally obscure its response t(, NO.. Teledyne, recognizing this serious deficiency,
attempted to rectify this problem by the addition of a cellulose acetate membrane that
is impermeable to water vapor and permeable to NOO. Our studies have confirmed the
validity of this apprro, h. Figure 8 shows the responses of an rld and a new oxidizer
transducer when exposed to room air varying in relative humidity from 0 to 100 percent
(at 23 C). The curve for the new transducer remains essentially flat with the exception
of small excursions immediately upon transfer from low to high to intermediate levels.
The old transducer, however, showed marked deviations from the baseline and required
extended time perio63 to return to the baseline.

z12¶ ~ ~ IIL12 " TO D M LAO MRA IN (110o %R H) P M• A IR

4 314
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Read in sequence Broken line: Old tranbducer
Solid line: New transducer
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FIELD COMPARISON OF THE OLFACTRON AND COLORIMETRIC DOSIME FER

A complete evaluation of any device destined for utilization in the field must in-
clude testing under actual use conditions. A preliminary study of the efficacy of the
MSA colorimetric dosimeter was conducted at Picatinny Arsenal, Dover, New Jer3ey,
in the static test stands and related facilities of the Rocket Engine Section. Badges
were placed on the lapels of individuals working in various areas and Leadings were
ebtained periodically by comparing the color developed on the nindone sensor strip
with the color standards. Tables VI-VIII contain data representative of several studies
performed during normal engine testing operations over a period of five weeks. The
personnel who entered the test cell worked on various parts of the experimental engine
and performed tasks such as connecting fuel lines and preparing test equipment. The
data in table VI show that the first noticeable exposure occurred after three hours.

TABLE VI

BINDONE DOSIMETER RESPONSE DURING MHF-3* TESTING

Observation Response (CT) in ppm-minutes
Time, hr. Subject: 1 2 3 4 5

0.5 0 0 0 0 0
1.5 0 0 0 0 0
3.0 200 150 200 150 200
4.0 200 150 250 150 250
5.0 200 150 300 150 250
6.0 200 150 400 150 250

*Mixture of 84% MMAI and 16% N-H.

Subjects I and 2 prepareu mixture; Subjects 3, 4, and 5
worked in test cell and immediate area



AMRL-TR-6- -130

TABLE VII

DINDONF [DOSIMETER RESPONSE DURING UDMH ENGINE TEST A

Ob, er-don Response (CT) in ppm-minutes
Time, hr. Subject: 1 2 3 4 5

0.5 0 0 0 0 0
1.5 0 0 65 130 65
3,0 0 0 80 165 130
4.0 65 65 80 165 165
5.0 130 80 80 165 165
6.0 130 130 80 165 165

All subjects worked in the test cell and control room

TABLE VIII

BINDONE DOSIM--TER RESPGNSE DURING UDMH ENGINE TEST B

Observation ReF ,nse (CT) in ppm-minutes
Time, hr. Subject: 1 2 3 4

1.0 0 0 0 0
3.0 65 200 80 0
4.0 80 215 130 50
5.0 130 270 130 80
6.0 130 500 215 130

All subjects worked in test cell and control room

Assuming that the entire exposure occurred within 5 minutes, the maximal exposure
was 260/5 or 40 ppm which is less than the EEL of 90 ppm for 10 minute exposure for
MMH. The vako of 400 ppm-min is also of no toxicological significance; hence the
dosimeter responses indicated that the test procedure was conducted without any danger
to the rest personnel. In another test with UDMH, the dosimeter responses were all
within acceptable levels, as shown in table VII. Both sets of data further indicat. that
maximal exposure can be readily observed as evidenced by the lack of further darkening
of the sensor strips. Table VIII shows that 500 ppm-min was the highest value observed
doring these tests. Again, if one assumes that the total exposure indicated during the
fifth and sixth hour occurred in the first five minutes, this represented only 230 ppm-min
(500-270), which is below tie 10 minute EEL of 90 ppm. Thus this cursory study indi-
• ates the validity of the use of the colorimetric dosimeter; however, peak concentrations
a:c not discernible and a warning alarm is not possible.
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To assess the value of both an automated device and the colorimetric dosimeter,
a study was conducted at the Picatinny Arsenal during an engine test and filling of a
fuel reservoir. Twelve bindone sensor strips were placed at appropriate positions in
the control room, shop, and test cell areas. Test personnel wore a dosimeter badge
at their breathing zone (clipped to lapels) during the test. The test engine was fueled
with UDMH and red fuming nitric acid (RFNA). A portable Olfactron model 6010 that
had been calibrated previously was used to monitor all the test areas on an intermittent
basis. The entire test lasted for 2. 5 hours during which timoe the bindone sensorý strips
were observed at 30 minute intervals. At the termination of zhe test, the strips were
carefully examined. The results were as follows: none of '.he strips placed throughout
the test area showed more than the minimal color change (65 ppm-min). Of the six
dosimeter badges worn by the test personnel, one showed a 65 ppm-min exposure
after 1.5 hours which did not darken thereafter and one showed a sequence of color
change of 100, 180, 180, 180, and 200 ppm-min. At no time did the Olfactron indicate
more than 1 or 2 ppm for very short durations.

The refilling test was more informative. In this procedure, UDMH was pumped
from a 55 gallon drum to a large reservoir. The pump and the drum were outside
while the reservoir was located within the test building. Two individuais donned
polyvinyl chloride suits with a full head covering that protected the shoulders and chest.
Dosimeter strips were placed under ard on top of the head protector as well as at
random locations around the pumping site. A third individual wearing protective cloth-
ing monitored the work area with the Olfactron 6010.

The filling operation lasted approximately 10 minutes during which time the Olfactron
was moved around the site at various distances from the pump and 55 gallon drum.
The sensor strips removed from under the protective hoods at the breathing zone
showed a marginal color change indicating less than 65 ppm-min. The strips placed
on top of the hoods at the breathing zone level indicated an exposure of 300 ppm-min or
an overall concentration of 30 ppm. The bindone strips placed randomly i, the work
area showed color changes indicating CT values of 100, 300, and over 1200 ppm-min.
The Olfactron readings varied from 2 ppm to off scale (greater than 250 ppm), depending
upon location and time of sampling. An ,bvious influence on the Olfactron response
was wind direction and intensity.

These observations indicate rather clearly that field operations are characterized
by changing conditions that warrant a dual approach to the monitoring cf the work
environment. Both the automated, continuously operating instrument and the integrating
colorimetric dosimeter provide industrial hygiene data that enable the assurance of
safe working conditions and provide safety personnel with necessary information.
Neither device alone can accomplish the total function as our data indicate.
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CONCLUSIONS

For almost 10 years attempts have been made to develop instrumentation capable
of performing a monitoring function for liquid missile propellant operations. The
pertinent literature and our evaluations reveal this attempt has met with minimal
success. None of the devices that have been tested have fulfilled field requirements
for MMH and NO3 monitoring. Our studies with the Olfactron Model 6110 show this
instrument to be deficient in several respects: 1) field calibration with UDMH for
MMH detection cannot be accomplished as designated by the manufacturer, and 2) the
reproducibility of the estimation of repeated exposures is limited to short term events
and cannot be accepted for operational situations. The acceptance of an, device must
be predicated upon verification of the field utility of the Instrument under all contem-
plated operational conditions.

The constraints established by the system to be monitored warrant that judicious
application of sound industrial hygiene techniques be controlled and monitored. Our
field data indicate that integrative techniques as well as real-time estimates of concen-
tration are required capabilities. In the absence of adequate instrumental methods,
emphasis should be placed on those methods that have proven reliability, namely, the
colortmetric procedures. Thus the discussion referred to earlier is still appropriate.
In conjunction with the sensitivity of olfactory detection as shown by Rurnsey and Ceta
(1969)- -odor thresholds of less than 0. 5 ppm for NO, and less than 0. 3 ppm for UDMH- -

the colorimetric tubes (Scott-Draeger) can provide useful information until instruments
and dosimeters are developed that have the requisite reliability.
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PAPER NO. 26

BERYLLIUM ANALYSIS BY GAS CHROMATOGRAPHY

Michael L. Taylor, Captain, UF;AF, 1SC
and

Eugene L. Arnold, Captain, USAF

Aerospace Medical Research Laboratory
Wright-Patterson Air Force Base, Ohio

INTRODUCTION

The toxicity of beryllium metal and certain beryllium containing compounds is a
familiar problem which has confronted industrial hygienists and toxicologists since
the 1940's. Much research has been performed in attempting to identify the hazardous
forms of beryllium and the physiologic mechanism(s) by which it exerts its toxic effects
(for a review see Stokinger, 1966). Methods for detecting minute amounts of beryllium
have been developed and used throughout the years by researchers. Emission spectro-
graphy and morin spectrophotofluorescence have been widely used. These techniques
are capable of detecting small amounts of bc'ryllium (0. 003 ygm and 0. 01 Pgm respect-
ively) yet they have marked disadvantages - large samples are required as well as
extensive sample preparation. In certain research areas, particularly biological
research, large samples are not available. In this laboratory the search for a new,
ultrasensitive technique for detecting and quantitating beryllium in biological materials
resulted in the development of a gas chromatographic method of analysis. In a recent
publication we reported in vitro studies in which the gas chromatographic technique
was used to detect and quantitate as little as 0. 295 micrograms of beryllium in a 0. 05 m!
sample. We wish to report here the first successful application of the gas chromato-
graphic method to the anal* sis of blood and tissues obtained from rats administered
intravenous beryllium sulfate.

MATERIALS AND METHODS

The gas chromatographic method of analysis was published previot,sly (Taylor
et al, 1968) and is summarized below:

1. Pipette 50 microliters of blood sample (or a 0. 1 ml aliquot of tissue
homogenate) into a glass ampule*

*dlsPO Pipets were used to fabricate the ampules
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2. Add 0. 5 milliliter. of a benzene solution containing 1 gs of trifluoro-
acetylacetone*

3. Flame seal ampule, allow to cool, shake vigorously, and heat at 110 :k 5 C
for 15 minutes.

4. Allow ampule to cool to room temperature and open, add 20 microliters of
2870 ammonium hydroxide and agitate for 10-15 seconds.

5. Stopper ampule and centrifuge at 5, 000 rpm for 10 minutes.
6. Chromatograph 0. 5 to I microliter samples of the benzene layer on 6 ft

glass column packed with 10% SE52 on Gas-Chrom Z. Column temperature
= 90 C, Injector temperature = 140 C, Detector temperature = 180 C.
Nitrogen Flow = 100 cc/min, electron capture detection. Varian Aerograph
Model 2100 Gas Chromatograph was employed.

White, male laboratory rats (Charles River Laboratories) weighing 350-400 gm
were employed in these experiments and were fed food and water ad libitum. The rats
were anesthetized with ether and given 2. 3 mg ionic beryllium per Kg body weight
intravenously (tail vein). One hour after injection the rats were reanesthetized and,
using the eye method, about 1 milliliter of blood was collected in either a plastic or
silinized glass vial containing 2 drops of heparin solution. The rats w are bled in the
same manner at 3 hours post injection. At 24 hours post injection the animals were
bled as before and while still under ether anesthesia the spleen and a portion of the
liver were excised. Homogenates of the harvested organs were prepared by grinding
200-300 mg of tissue with an equal volume of IM acetate buffer. Blood was analyzed
without dilution or preparative measures. Values given in table I are the average of
two or three analyses performed on each blood or tissue sample.

TABLE I

MICROGRAMS BERYLLIUM PER ML BLOOD OR PER GRAM TISSUE FOLLOWING
I. V. ADMINISTRATION OF 2.3 MG BERYLLIUM PER KG

Rat # 1 Flour Blood 3 Hour Blood 24 Hour Blood Liver Spleen

1 2.4 2.2 0.05 .80 2.1
2 2.0 1.5 ND 0.451 1.3
3 1.5 1.0 <.05 ND 1.5
4 2.5 1.6 <0. 05 0.21 0.86
5 5.1 4.2 0.30 0.10 5.2
6 2.4 2.4 0.10 0.05 2.7
7 1.9 1.3 0.06 0.10 2.4
8 2.7 1.6 <0.05 0.10 1.9
9 2.4 1.6 0.07 0.09 2.3

10 2.6 1.8 0.05 0.11 1.8
Controls(S) ND ND ND

; this series of experiments 0. 415 x 10" g of tetrabromoethane was added as an
internal standard.
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In a second experiment male rats weighing 450-600 g were injected with 5 mg
ionic beryllium per kilogram. Animals were bled 1/2 hour post injection and again
at 24 hours post injection at which time liver samples and spleens were taken for
analysis. The analyses of these tissues: gave the following results:

TABLE II

MICROGRAMS BERYLLIUM PER ML BLOOD OR PER GRAM TISSUE FOLLOWING
I. V. ADMINISTRATION OF 5 MG BERYLLIUM PER KG

Rat_# 1/2 Hour Blood 24 Hour Blood Liver Spleen

1 2.9 0.68 5.2 2.3
2 2.8 0.80 4.1 *
3 (Control) ND ND ND ND
4 1.3 * 0.94
5 a,8 35 3.8 3.4
6 1.6 * 1.1 1.0
7 (Control) ND ND ND ND

*Samples deteriorated prior to analysis.

DISCUSSION

The results presented in tables I and II indicate the beryllium in tissues obtained
from rats administered intravenous beryllium sulfate can be determined using the gas;
chrcmatographic technique. It is surprising that the rats are apparently capable of
removing such a large percentage of the injected beryllium so rapidly. It is also
surprising that the results obtained in the first experiment (2. 3 mg/Kg) and the second
experiment (5 mg/Kg) are not significantly different. In other words, a more than
twofold increase in dose failed to markediy boost the beryllium levels found in the
blood and outlying organs. This is further illustrated by the graphic presentation of
beryllium levels in blood vs rime shown in figure 1. The curve shows the decline of
beryllium levels in blood following administration of 2. 3 mg/Kg ionic beryllium.
Points on the curve were obtained by averaging all values obtained at 1, 3, and 24 hours.
The points indicated with an X at 1/2 hour and 24 hours are the average of all values
at the respective time intervals following injection of 5 tag ionic beryllium per Kg.
Vacher and Stoner (1968) working with ionic beryllium solutions made radioactive by
the addition of 'Be obtained the results shown in figure 2. These workers postulate
that the mechanism(s) of the rat for removing Be vary according to the levels intro-
duced. According to these workers at least two mechanisms are responsible for the
removal of beryllium and the extent to which each of these mechanisms is involved
in the removal of beryllium is dose dependent. At levels below 0. 03 u BRe Kg and
above 0. 5 mg Be/Kg Vacher and Stoner observed that the initial -ate of removal of
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beryllium from the blood is extremely rapid. Our results seem to be in agreement
with the findings of Vaher and Stoner in that we see an extremely precipitous falloff
of beryllium levels at both 2. 3 and 5 mg per Kg. Furthermore, it seems that the
similar beryllium levels found in blood following 2.3 mg and 5 mg per Kg can be ex-
plained by postulating that the initial mechanism for removing beryllium at doses higher
than 0. 5 mg/Kg is extremely efficient and rapidly removes beryllium from the blood
until a certain equilibrium is attained after which the second mechanism continues
to remove the beryllium at a much slower rate. Since our primary concern is the
development of an analytical technique and not a distribution study, we did not attempt
to verify the above hypothesis. Work is currently underway in our laboratory to check
the accuracy and precision of the gas chromatographic technique by using a radiotracer
technique similar to that of Vacher and Stoner. Preliminary findings indicate excellent
agreement between the two techniques.
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FigUre 1. BE!RYLLIIUM CONCENTRATION IN RAT BL.OOD VS TIME POST INJECTION
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CONCLUSIONS

1. Beryllium administered as aqueous beryllium sulfate to male rats can be
detected and quantitated in the blood, liver, and spleen up to 24 hours
following injection of either 2. 3 mg per Kg or 5 mg per Kg.

2. The sensitivity of the gas chromatographh- method for quzntitation of
beryllium is 0. 05 micrograms per milliliter of whole blood.

REFERENCES

1. Stokinger, H. E., ed; Beryllium Its Industrial Hygiene Aspects; Academic
Press, New York, 1960.

2. Tavlor, M. L., C. L. Arnold, and R. E. Sievers; "Rapid Microanalysis of lk'rvllium
ill Biological Fluids": Anal. Lett., 1:73S-747, l1t)8.

3. Vacher, J. and Ht. B. Stoner: 'The Removal of Injected Bcrvilium from the BIfloo
ot the Rat, the Role- of the Reticuloendothelijl System" Br-it. I. 'xp. Path., 4, :
315-323, 1 -l8.

.,7



AMRL-TR-69-130

DISCUSSION

MR. MOBERG: Have you tried hexafluoral acetone, or do you have any of the
material?

CAPTAIN TAYLOR: I feel that it would probably be too volatile and would elute
too fast so that you wind up having it elute where the crud is, if you will excuse the
expression. Of course you could change your column technology and perhaps make
good use of it, but we had a good thing going so we wanted to see this through.

MR. MOBERG: The reason I made this commenE is, or even if you substituted
one of the fluorines with a bromine, you might have less volatility but you might get
much more flame response, and consequently aid you to get further sensitivity.

CAPTA.4N TAYLOR: Ross and Sievers have done work along this line, and you are
quite right; however, the benefit is not twofold, as you might expect. They also have
done work with other chelating agents containing as high as seven fluorine atoms per
molecule, and they realized some advantage, but there are some other disadvantages
such as the partition coefficient between chelated beryllium and the organic layer ver-
sus water, and the stability, the tendency to form hydrates and so forth, but again
these things could be lived with if there was a need to go to that.

MR. MOBERG: Very good. I might ask Captain Taylor if he would care to com-
ment on the conversion of beryllium oxide to a form that might be useful in using
this methodology because certainly this is of prime interest to the rocket people.
The oxide, of course, it is common also in metallurgical industry. Would you care to
comment on that?

CAPTALN TAYLOR: Yes, oi ;.,turse this has been on our minds for some time.
We are trying to make a sane and progressive approach to this. I would c•i' vyur
attention to the fact that we synthesized our chelated beryllium from elemental beryl-
lium powder laying in the bottom of the flAuk. We then added the chelating agent to
it and you can s,-e r!.e hydrogen evolve as it reacts; so this should give you a feeling
for the affiniry that this chelating agent nas for beryllium. We have done, then,
cursory studies where we took low-fired beryllium oxide, a sample obtained from Dr.
Spencer at Dow Chemical Company, and sealed it in an ampule and heated it at 37
degrees. (I %as curiouoi zo s--e if we could get a reaction under a sort of physiological
condition. ) We then analyzed the organic layer in the manner described aihi got a
beryllium peak. Now there are a number of 'holes .hat could be picked in this one of
which is: How do I know this is beryllium oxide that is reacting and not entrapped
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Ionic beryllium in the sample? Well, I don't, except that this material had lain for
some time in an aqueous medium. I filtered off the insoluble beryllium oxide and thiew
it in wi:h the chelating agent, so perhaps I have partially answered that one question.
Dr. S~evers, who has been kind of a father-figure for this work, assures me that the
binding constants indicate that there will be no problem. High-fired beryllium nitrate
or nitride may be another ball game. This is a high-fired cer3mic material and that
may be a toughy, but yet based on the voracious appetite of the chela.ing agent for
beryllium that we have seen so far, we may see success. We haven't tried that a: all.

DR. CAMPBELL: Does the beryllium atom contribute anything to the electron
affinity of the chelated molecule?

CAPTAIN TAYLOR: Yes. Ross and Sievers feel that the metal in question does
have a profound effect on the results. This gets into some intricate features of column
technology. Some French workers, in what would correspond to their Atomic Energy
Commission, have done quite a MAt of work on t,'ying to find aluminum in uranium sam-
pies, and due to this, they have done some rather meticulous work finding out where
the aluminum goes in the column, and they find that it behaves differently, depending
upon the metal. I think it is also true, to answer your question directly, that the
metal atom does play a part.

FROM THE FLOOR: I would be interested in hearing the philosophical reasons
as to why you get the same plasma levels at two different dose levels of beryllium.
If taken at face value thib is quite interesting because it suggests the volume of dis-
tribution of this material is dose dependent. I think it has a quite Interesting impli-
cat!on.

CAPTAIN TAYLOR: Well I agree with you. I'm not sure whether you are for me
or against me, but I'm glad you asked the question because it should be asked and I
spent a great deal of yesterday in frenzy trying to get my paper together on this.
Bocker and Stoner have summarized very nicely the wo-rk done in recent months and
years on the particular Nslcets of what happens to ionic beryllium when you inject it
in an animal. And if you take what they say at face value, 'what they say is that the
beryllium is converted into two types of material when injected, a beryllium phosphate
with a so-called insoluble form, and beryllium complexes with citric acid and other
commonly occurring acids which they call a soluble form. They didn't go a' -'ad and
say that they have shown at least to their satisfaction that certain of these particles
are protein coated. Alpha globulin has been implicated where the beryllium phosphate
is concerned. They have done elaborate studies showing that the reticuloendothelial
system participateE in scrubbing out beryllium phosphate and protein-bound beryllium
phosphate. They frther say that they feel, depending upon the dose, they get various
types of protein aggregates formed. In other words, a high dose will give a range of
particulates, if yuxi will, ranging from big molecules, large protein-bound molecules,
down to small ones, and they then feel that the large ones are removed faster .fXd the
sanaller ones are removed slower. Now in an effort to equate some of these 'known"
facts, I feel at the levels where we are, we have "shot gunned" the animals, we hav.e
given him a whale of a dcr_, 5 milligrams per kilogram is ten times the LD-50 for
ionic beryllium, so we have overloaded his svyzem to the extent that he is - very sick
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animal, and all removal systems I feel at this point are highly saturated. So that until
we get dnwn in the sub-milligram per kilogram range, we won't really see a marked
difference in the curves. All the work that I was able to locate was not similar enough
to our work to really throw a curve up here and say we got this and it agrees with them.
Most people are using beryllium-7 and it is interesting, that carrier-free beryllium-7
if given, in very very small quantities, it is removed at a different rate from the
labeled beryllium sulfate; so that Bocker and Stoner in their studies showed that the
carrier-free material is removed at a much faster rate initially than is the labeled
material. They also found it on the high end of the spectrum at the LD-50 level. They
also saw again this steep rate of initial removal. The intermediate dose levels were
more or less the same; so, they hypothesized that there were two mechanisms occur-
ring which contributed to the removal. I don't know whether I have answered your
question or not, but it is interesting to kick this thing around, ank we hope to bring
the technique to the point where we have no question of its validity and its ability to
perform some of these things.

CAPTAIN ARNOLD (Aerospace Medical Research Laboratorv): In the two series
of experiments that we have done with che beryllium in vivo, Captain Taylor showed you
that there was a great dcal of similarity between the levels we found in the blood both
early in the intoxication and at 24 hours afterward after the admission of the dose.
These blood levels seemed to be pretty similar regardless whether we ran five milli-
grams per kilo, or whether we ran two milligrams per kilo; however, when we started
looking at the livers and spleens there seemed to be a significant difference in the
levels between the two doses that we find in there; namely, that in tne light dose, the
livers didn't seem to have a very high level of bercyllium in them. The spleens were
quite high. At the higher dose, the five milligram dos-, it seemed to be a reverse
of the phenomenon. In other words, the liver seemed considerably higher than the
spleen.

CAPTAIN TAYLOR: And in this connection I would say it appears that the reticulo-
endothelial system has been wiped out at the five milligram per kilogram dose.

MAJOR MAC KENZIE: I'm going to add a comment. I looked at these tissues.
At the low dosage at 24 hours, the only lesion is in the Kupffer cells in the liver. The
nucleus is karyorrhectic. From the light microscope view, the hepatocytes appeared
normal. In the higher dose all hepatocytes show rather serious signs of early necrosis.
I have read these "blind", and it is rather typical for you to pick it out so there Is a
difference in the pathology as well as in the level. You are dealing with two different
situations. This is a long chronic disease and we are reading these at 24 hours.
Fhere are two differeat diseases with beryllium, one is the chronic berylliosis and the
other is acute toxicity.

MR. MOBERG: All right, we will pass on. How about the work of Ray Saunders
on dichloroacetyiene? I think that the chemist has been using many abbreviations,
MCA, LY.A, FID, EC, and Dr. Thomas said: "Wait a second, tell us what you are
talking about", I was afraid to return the comment becuse a chemist just listening
to a medical meeting really gets the shock of his life in the terms. NMCA is mone-
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chloroacetylene and might have been mentioned this morning. These products occur as
you dehydrohalogenate, remove HCL, from heated solids like lithium hydroxide, and
remove the proton and the halogen, and you can come down to a totally unsaturated
acetylene form. Trichloroethylene is nor the only beast that will make these compo-
nents. Dichloroethane and the othcr halogenated solvents and some of the freons can
also produce very noxious materials, so that we would warn you not only to leave out
triclene but maybe dichloroethane and maybe dichloroethylene as a cleaning solvent.
These are all vulnerable solvents.

DR. AZAR: I would like to comment on Mr. Saunders' paper and ask that whenever
they do the post on this monkey they do tissue level of dichloroacetylene and see how
these compare with the data that Captain Siegel has in tissue levels.

MR. MOBERG: That's a good comment. I'm not sure that I can field it all for
Ray, but I would add that the animal that reportedly was exposed to high levels of di-
chloroacetylene has already been pretty much covered. The comment I made about
official reporting of the data is in reference to the flight of Bonnie, in that case our
analytical data from the atmosphere, and from the charcoal desorbtion studies did not
indicate dichloroacetylene present. So I'm not sure if it is too late for that early ani-
mal study to go back and ask them to do that, or suggest it to them.
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OPEN FORUM

MR. MOBERG: I would like to proceed now for questions on the other papers on
the environment in the home. Questions or comments may be directed to Dr. Longley.

DR. AZAR: I was wondering if Dr. Longley would care to elaborate a little more
as to where he was sampling from, and the condition of exposure when he detected a
hundred parts per million of halogenated hydrocarbon?

DR. LONGI,EY: We were sampling from the return airduct of the forced air vent
system. What conditions do you have in mind? What conditions were you referring to?

DR. AZAR: You mentioned the individual in the 1 3me used a hairspray. I was
wondering if you were sampling from the bedroom or the bathroom, or, this seemed
like a fairly high concentration to achieve just on one episode of using a hair spray, if
you were sampling from the whole house.

DR. LONGLEY: On this particular one, we were estimating about a little bit
over a half an ounce of the aerosol used, and the release was in one of the bedrooms, and
we were sampling continuously from the return airduct which takes air from all over
the house. Now this is a hundred parts per million and was a peak which existed for
some number of minutes, then slowly degraded to a point where we were still measur-
ing some of it four hours later. I'd make an estimate of about ten parts per million.

DR. HODGE. I understood that this was a tracer experiment in which this material
was deliberately released in order to follow patterns and concentrations, not an in-use
sort of concentration that you get in the normal home. Was I mistaken?

DR. LONGLEY: No, we were conducting a trace experiment to find out infiltration
rates. The accidental release was done inadvertently by one member of the household.
She, in effect, loused up our measurement!

MR. MOBERG: How about comments or questions on the blood catecholamine
measurements?

MR. BUCK (Arthui D. Little, Inc. ): This is in the nature of a comment rather
than a question. I think that the recoveries which were reported, one hundred percent
at two milligrams per ml were quite unfair. Not infrequently it happens that percent
of recovery goes down dramatically when concentrations go down. The 70 percent
recoveries reported for the fluorometric methods are really quite good, all things
considered. This is micrograms per ml, and I think if you succeed in doing this
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you will be in fact doing very well, even with the sensitive techniques that you have.

MR. MOBERG: I think one of the reasons they did this was because of interferences.
They had quite a bit of interference from uther components with the fluorometric method,
at least this was a comment that was passed on to me. I would be just a little afraid
that you might chelate other alcohols that would also go into the filtrate or hydroxy
groups or not chelate them but form a derivative and possibly this might interfere
with the chromatograph if you didn't have any quantitative backup from the mass spec.
Would there be any comments on that?

CAPTAIN ARNOLD: Undoubtedly these alcohols do form derivatives. These are
well known. They form nice stable esters and these esters are chromatographed.
However, you must realize that with alcohol, say ethanol or propanol, there is a great
difference in molecular weight and, connequently, a great difference in boiling point
between these compounds and thf. derivative that I am actually working with. You get
up to the TFA derivative of epinephrine, for instance, and you've got a compound that
is running up around 500 molecular weight and it takes quite a little while to get off
of that column. Opposed to this, with lower molecular weight alcohols, they pretty
much come off at the same time the solvent does.

MR. MOBERG: You mean even the alcohols C-6 to C-12? or the hydroxic groups?
even ethylene glycol?

CAPTAIN ARNOLD: I would say with ethylene glycol, you start getting up into the
really higher molecular weights. These could be a problem; however, I don't think
that you are going to fini them normally in the method of extraction that we go through.
In other words, throw-away acid conditions, due to the TFA trifluoroacetic acid extrac-
tion, this will eliminate quite a number of interferences.

MR. MOBERG: I really pose these problems constrlictively, not as criticism.

CAPTAN -ARNOLD: I might comment on the past comment that I didn't mean to
imply that I was expecting this kind of yield once I get down to t&e nanogram or pico-
gram levels. I realize that as you go down in concentrationi you do lose some of your
recovery.

MR. MOBERG: Thank you. Any other comments or questions on this work?

Finally, the work that was reported on the field instrument measurement for NO0
and the hydrazines. Are there any questions or comments on this?

MR. VERNOT: Just one comment. You recommended, Dr. London, pretreating
the detector and then letting it rest a while before you used it for analysis. Is there a
danger that when you are using it for analysis you are retreating it again and then
adding some instability to the thing?
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DR. LONDON: If I said pretreatment, I 'idn't mean pretreatment. I meant cali-
brating, and then letting it set. Our experience has been after 48 hours, the transducer
reads what we believe the concentration to be. Now, in order to inoure that in fact that
is what is happerlng, we will have to get multiple numbers of transducers, calibrate
them all at some level, and then let them rest and expose each individual transducer
to high levels, low levels, and presumably in the face of what we think we know, we
should hit the established concentration. But I don't think after this 48 hour rest period
that anything would happen after that.

FROM THE FLOOR: We saw a phenomenon that as you loaded this transducer, say
ten to twenty-five times within one day, your response was decreased. We let it rest
24 hours until the next morning and took it right down to one concentration. It read it,
but as you continually expose it more and more its response reduced--Just like a human.

The whole theory for the use of the instrument is that you are going to be walking
from an outside environment into a silo or area supposedly with a leak. You want to
read it correctly the first time, and all we are saying is, don't expect it to read accurately
after that first reading if you keep on exposing it.

MR. VERNOT: O.K. I'm sure it will work that way, but you won't be able to get
a continuous measurement for any period of time.

DR. LONDON: This is why I attempted to emphasize the necessity of using an
integrative device like a colorimetric dosimeter to assure that during an EEL exposure
of an individual, participating in whatever has to be done, registered the actual dose
he has been exposed to.
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